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ABSTRACT
The Instrument for Free Sorting of Biology Concepts 
was used to assess understanding of the relationships 
among 37 biology concepts by five groups:
1. Preservice secondary science teachers <PSR>
2. Inservice biology teachers with 1-3 years of
teaching experience <NOV>.
3. Inservice biology teachers with 5 or more years
of experience (EXP).
4. Scientists in any biological science field
(e.g., microbiology, botany) (SCI).
5. College seniors majoring in biology (MAJ).
Data collected from the F-Sort of Biology Concepts
were analyzed using Latent Partition Analysis and Alpha 
Factor Analysis with additional interpretation from 
multidimensional scaling. The subjects were asked to 
think aloud as they performed the F-Sort and each 
session was audio-taped for later analysis. These 
analyses indicate that the biology major (MAJ) and 
experienced secondary science teachers (EXP) were 
separated from the scientists by a dimension based on a 
deep versus surface structure understanding of the 
concepts. A second axis shows that SCI are separated 
from the other groups by a fluid versus fixed cognitive
xii
structure dimension. That is, both EXP and SCI were 
found to have well constructed and ordered cognitive 
structures, but SCI were much more likely to see an item 
having a place in two or more categories, whereas EXP 
tended to focus on only one aspect of an item, and 
therefore understanding that it rightfully belonged in 
only one category.
It appears that teachers restructure their science 
knowledge as they become more experienced. There is an 
apparent transition from poorly organized to highly 
organized cognitive structures for biology concepts when 
comparing PSR, NOV, and EXP respectively. The 
transition does not seem to be one achieving a deeper 
understanding of the biology concepts or to a greater 
degree of integration of the concepts, but rather a 
transition from a fairly large, loosely organized pool 
of biology concepts to one which is highly structures 
but limited to the expectations of the established 
curriculum.
xiii
CHAPTER I
INTRODUCTION
<T)he ultimate test of understanding rests on the
ability to transform one’s knowledge into teaching” 
(Shulman, 1986 p.14).
In his Presidential Address to the 1985 annual 
meeting of the AERA, Dr. Lee S. Shulman (1986) expressed 
his concern about an area of educational research he 
called the "missing paradigm” . By this he means the 
lack of research into the subject-matter/pedagogical 
interface of the study of teaching. One of the 
questions raised in this paradigm concerns the 
organization of content knowledge in the minds of 
teachers, an organization which may be unique when 
compared to those as knowledgeable in content, but 
outside of teaching. Research in this paradigm also 
would involve attempts to understand the growth of a 
teacher’s knowledge with time and experience. As 
Shulman <1986) concludes, the central concern of this 
paradigm is understanding the ’’transition from expert 
student to novice teacher” (p.7).
One of the three knowledge areas Shulman recognizes 
in this paradigm is "Content Knowledge” ) the other two, 
Pedagogical Content Knowledge and Curricular Knowledge
will not be considered in this study. Shulman advocates 
an understanding of content in the manner defined by 
Joseph Schwab (Schwab, 1978). In this case, content
involves both the substantive structure, which describes 
the various ways the facts and concepts are organized 
and interrelated, and the syntactic structure involving 
the method by which the truth value of a concept is 
established within the discipline. Only the substantive 
structure will be dealt with in this study.
Ultimately the structure of a scientific discipline 
is defined by the scientists at the leading edge of that 
discipline (Shavelson, 1974). As defined above, 
substantive structure contains the laws, facts and 
principles of the discipline and the conceptual 
relationships between those factors (Shulman, 1986; 
Gorodetsky & Hoz, 1985). The role of science education 
then, is to instill in the student the structure of the 
discipline (Schwab, 1978).
The hypothetical construct which represents the 
long-term memory structure of a discipline in the mind 
of the individual is referred to as the cognitive 
structure of the learner (Driscoll, 1985; Gorodetsky & 
Hoz, 1985; White, 1985). As in the structure of the 
discipline, the cognitive structure is inclusive of both 
the scientific knowledge and how the knowledge is
organized (West, Fensham, & Garrard, 1985) .
Using a notation similar to that used by Gilbert, 
Watts and Osborne (1985) the structure of the science as 
defined by the scientists can be referred to as 
scientists’ science (S*sc). In the college setting, the 
scientists’ science is passed along to the student 
through a number of filters. For example, the 
particular textbook that is used will affect the 
perceived nature of the structure, as well as any bias 
of the professor. In addition to these filters, any 
prior knowledge of the discipline that the student may 
have will interact with the S*sc as he or she 
assimilates that knowledge (Clough & Driver, 1986; 
Osborne & Wittrock, 1983; Pines 8i West, 1986; Shuell, 
1986; Wandersee, 1985). When this prior knowledge is 
contrary to the accepted scientific view (see Fisher and 
Lipson, 1986) it has been described as ’’naive theories" 
(e.g., Mintzes, 1984, Clough & Driver, 1986), 
"preconceptions" (e.g., Andersson, 1986) or 
"alternative frameworks" (e.g., Driver, 1981). Keeping 
with the notation of Gilbert et al. (1985) this prior 
knowledge (whether a help or a hindrance to new 
learning) will be referred to here as children’s science 
(S*ch). Thus, we have the interaction of S*sc and S*ch 
through filters which can be referred to as curriculum
science (S*cr>, (e.g., the textbook or professor). The
result is yet another cognitive structure, the student’s 
science structure <S*st).
S * s c ---------- \
> S*cr ------ > S*st
S * c h ---------- /
Let us say that in that audience of college 
students are the prospective scientists and secondary 
teachers of the near future. Both have received similar 
accounts of the scientist’s science with variance due 
primarily to the students’ prior knowledge. As they 
continue their studies, the future scientists’ science 
structure is added to and restructured by additional 
textbooks, professors and experiences with the science, 
some of these experiences undoubtedly with problem 
solving applications. Once again, the result is an 
altered cognitive structure, it could be called the 
scientist’s science prime (S*sc’>.
The future teachers of this audience also continue 
their studies, but instead of increased application of 
science, for science, they are involved with the 
pedagogy of that science. Consider now these students as 
in-service teachers. They are faced with the
responsibility of teaching "the science", but which 
science- S*sc, S*cr, S*st or S*sc’? In fact it may be 
none of these, but rather a unique science structure 
Gilbert et al. (1985) have called the teachers’ science, 
<S*ts> . Like the novice scientist, the novice teacher is 
faced with a problem-solving situation, in this case, 
one of determining the best pedagogic structure for the 
content. This unique science knowledge structure of the 
teacher may ultimately be shaped by the demands and 
responsibilities of teaching the content.
As suggested by Shulman (1986), the research 
interest of this paradigm is with understanding the 
change from expert student to novice teacher and finally 
to experienced teacher. It is then of interest to 
determine if the experienced teacher has a unique 
cognitive structure, as compared to the scientist, 
presumably due to numerous restructuring events 
throughout the teaching career. Likewise, if a cognitive 
structure dimension exists between the scientist expert 
and the teacher expert it is of interest to know where 
on that continuum the novice teacher and the novice 
scientist might fall.
Theoretical Framework
The ideas and procedures presented in this study 
are based on an understanding of the process of learning 
from a generative learning framework (Osborne &
Wittrock, 1983). This model explains learning as a 
process that involves long- and short-term memory, 
motivation, comprehension and meaning. The foundation 
of this model is an understanding of the brain as 
anything but a passive recipient of information.
Rather, "it actively constructs its own interpretations 
of information, and draws inferences from them.”
(Osborne 8t Wittrock, 1983, p. 492). The brain’s 
interpretation of the information is developed from an 
interaction of stored memory and information processing 
strategies which deliberately attend to and select 
information from which to construct meaning. Through 
this active construction of meaning comprehension is 
achieved.
Osborne and Wittrock (1983) also point out the 
critical role that motivation plays in this model. It 
is only through the desire of the learner to take the 
time and effort to construct meaning that learning is 
achieved. If it is determined by this study that 
experienced teachers do have significantly different 
cognitive structures than either scientists or younger
teachers, it may be inferred that this difference is due 
to the motivation involved to prepare oneself to teach a 
particular concept. As Osborne and Wittrock (1983) put 
it, "Motivation is closely tied to intentions, plans, 
and previous experience and reflects more than momentary 
environmental stimulations" (p.494).
Significance of the Study 
An understanding of the differences in the science 
knowledge structure between those who apply it as 
science <S*sc’) and those who teach it (S*ts) falls into 
the area of educational research Shulman (1986) calls 
the missing paradigm, as discussed earlier. Awareness 
of the typical content knowledge cognitive structure of 
the experienced teacher could significantly affect the 
design of teacher education curricula. With this 
knowledge teacher education curricula could be designed 
to lay a foundation during the preservice training on 
which to build the most pedagogically useful cognitive 
structure or one conducive to restructuring as 
necessary. An indication that teachers do indeed 
"think" differently than scientists would lend support 
to the notion of content courses designed specifically 
for the teacher (Anderson, 1979). Determination of the 
confident teachers’ knowledge structure may also allow
the teacher educator to foster that confidence through 
appropriate structuring of the methods and content 
courses.
It is the purpose of this study then, to elucidate 
the substantive structure of selected content knowledge 
in the discipline of biology by comparing the cognitive 
structure of the science practitioner with the cognitive 
structure of the science teacher. This study is also 
designed to determine if teachers' cognitive structure 
of the discipline of biology changes with an increase in 
teaching experience and/or self-confidence in the 
ability to teach that discipline.
This study is an extension of the work on 
categorization of physics problem types by experts and 
novices by Chi, Feltovich and Glaser (1981) and genetic 
problems by Smith and Waterman <1987). It also draws on 
work by de Jong and Ferfugon-Hessler (1986) which 
compared the cognitive structures of good and poor 
novice problem solvers.
Research Questions
The overall goal of this study is to determine if 
the content knowledge cognitive structure is different 
for teachers than it is for scientists, when considering 
the same content. The answer to this question will be
approached more precisely by looking at the following 
questions:
1. In what manner does the cognitive structure of
secondary science teachers differ from the 
cognitive structure of scientists as both are 
involved in the biological sciences ?
2. In what manner does the cognitive structure of
secondary science teachers differ from the 
cognitive structure of advanced undergraduate 
biology students?
3. In what manner does the cognitive structure of
secondary science teachers differ among teachers of 
varying amounts of teaching experience?
4. In what manner does the cognitive structure of
secondary science teachers differ among teachers 
with varying degrees of teaching confidence?
Limitations of the Study 
As indicated by the statements of Shulman <1986), 
this is a very new and unresearched area of educational 
research. This study is simply a first step into 
methods of determining if indeed teachers "think” 
differently. As discussed before, Shulman advocates 
three knowledge areas in this paradigm. This study will 
deal with only one, content knowledge. The next most
logical step would be to delineate the Pedagogical 
Content Knowledge area. In this area Shulman considers 
the ’’form of content knowledge that embodies the aspects 
of content most germane to its teachability” <1986, 
p.9). Secondly, as defined by Schwab (1978) the 
structure of the discipline has both a substantive and a 
syntactical aspect. Only the substantive structure will 
be considered here.
Definition of Terms 
Biology Science Content: Biology science content
involves those concepts, principles and laws of the 
science of biology appropriate to the curriculum of 
general biology at the high school level. The 
content of this study is determined by and limited 
to those concepts included in an instrument 
developed by Uche (1987) which includes 37 biology 
processes.
Cognitive Structure: Cognitive structure is the
hypothetical construct which represents the 
long-term memory structure of the concepts of a 
specific discipline and the relationships among the 
individual concepts of this discipline. The 
determination of cognitive structure will be 
operationalized using a sorting technique in which
the subjects are asked to sort a number of 
biological processes into groups based upon their 
understanding of the relationships among the 
concepts. Multidimensional scaling and latent 
partition analysis (Wiley, 1965) will be used for 
data reduction and interpretation. These analyses 
result in a representation of the cognitive 
structure which is a consensus of the members of 
the research group, e.g., experienced teachers.
Teaching Experience: Teaching experience is
operationally defined as the number of years of 
in-service teaching, including only those years in 
which at least part of the time was spent teaching 
in the biological sciences.
Teaching Confidence: Teaching confidence is
operationally defined by using the ’’Self-Concept of 
Teaching Ability Scale” , designed by the 
investigator for this study. This instrument is a 
teacher’s self-evaluation of his/her ability to 
teach biology.
Effective Teacher: The effective teacher is
operationally defined as those five teachers deemed 
to be most effective, according to the judgement of 
science education professionals knowledgeable of 
the subjects teaching ability.
CHAPTER II
REVIEW OF RELATED LITERATURE
The work of a teacher involves a complex 
interaction of student, teacher, and subject-matter 
characteristics. It involves decisions about the unit 
and lesson plan and instructional presentations and 
activities. Anderson <1983) suggests that a teacher's 
lesson is a direct reflection of the declarative and 
procedural knowledge as represented in the cognitive 
structure of the teacher. These characteristics would 
clearly identify teaching, and particularly the planning 
of teaching, as a problem-solving situation. This being 
the case, the same influences evidenced in other 
problem-solving situations should also be evident in 
teaching, particularly the role of content knowledge and 
how that knowledge is cognitively arranged.
This chapter will briefly discuss the aspects of 
cognitive structure, problem-solving and content 
knowledge related to this study as revealed by pertinent 
current and classical research.
Cognitive Structure and Instruction
Within the information processing paradigm, 
cognitive structure is the hypothetical construct which
12
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refers to the organization of knowledge in the long-term 
memory of an individual. This knowledge consists of the 
facts, concepts, and principles of a particular 
intellectual domain. The organization of this knowledge 
represents the individual’s understanding of the 
relationships among these facts, concepts, and 
principles..
Coming to understand, i.e., learning within the 
generative learning model (Osborne & Vittrock, 1983), 
involves regarding the brain as an active processor and 
interpreter of information. This interpretation is 
developed from an interaction of stored memory and 
information processing strategies which deliberately 
attend to and select information from which to construct 
meaning. The key to this model is regarding 
comprehension as the active construction of meaning. To 
construct meaning is to generate cognitive links (i.e., 
develop a cognitive structure) between what is perceived 
and relevant aspects of long-term memory. Two 
significant aspects of cognitive structure revealed by 
the current research are (1) that cognitive structure is 
sensitive to instruction and (2) that the configuration 
of the cognitive structure has an effect upon problem­
solving ability.
Using a sorting and interview-type procedure they
called ’’Concept Structure Analysis Technique <ConSAT>” , 
Champagne, Klopfer, Desena, 85 Squires <1981) determined 
the cognitive structure of 30 eighth-grade students in 
the area of physical geology. This technique allows the 
determination of both the arrangement of the concepts 
and the relationship between the cozzcepts used in the 
sorting task (see also Champagne, Gunstone & Klopfer, 
1985). Administration of this instrument, pre- and 
post-instruction, revealed that the cognitive structure 
of the students was affected by instruction and that the 
changes brought the student's cognitive structure into a 
greater congruency with that of the standard structure 
of the concepts established in the curriculum.
Like Champagne et al. (1981), Gorodetsky and Hoz 
(1985) used a sorting task to determine the cognitive 
structure of students, pre- and post-instruction. In 
this case, the content involved chemistry concepts and 
the subjects were freshman university students. Once 
again, it was clearly established that the cognitive 
structure of the students was affected by instruction, 
evidenced by the resulting structures becoming more 
similar to the instructor’s following instruction. 
Similar results are cited by West, Fensham and Garrard 
(1985) using physics instruction, Roehler, Duffy, 
Herrmann, Conley and Johnson (1988) with pre-service
15
reading teachers and Shavelson and Stanton (1975) with 
teacher interns in a mathematics course.
Rather than compare short-term cognitive structure 
change, Uche (1987) compared the cognitive structures of 
middle school students with different amounts of 
instructional exposure to biology concepts incurred over 
a number of years of instruction. As before, the effect 
of instruction upon cognitive structure was evident by 
differences in the cognitive structure of the different 
student groups.
Cognitive Structure and Problem Solving
Currently, most work in cognitive structure and 
problem solving revolves around the differences found 
between faculty experts and student novices (e.g., Chi, 
Feltovich 8s Glaser, 1981; Smith & Good, 1984; de Jong & 
Ferguson-Hessler, 1986; Smith & Waterman, 1987; Smith,
1988). Across the various content domains the 
characteristic differences found between these two 
groups can be summarized into three categories:
- perception of the problem
- approach to and solving of the problem
- cognitive "baggage” brought to the problem
The differences in the perception of a problem
between experts and novices is best described in the
16
already classic study by Chi, Feltovich, and Glaser 
(1961). Using a sorting task and interviews, Chi et el. 
describe one difference between experts and novices as 
one of recognizing deep versus surface characteristics 
of the problem. Whereas the experts would categorize 
the problems based upon the scientific principle 
involved in the problem (e.g., gravitational 
acceleration) the novice would focus on a literal 
reading of the problem (e.g., inclined planes, 
pendulums).
The difference in the approach to a problem between 
experts and novices has been described as working 
forward versus working backwards or means-ends analysis 
(Larkin, McDermott, Simon, and Simon, 1980; Larkin,
1981). Primarily using the means-ends approach, the 
novices would compare the initial state of the problem 
to the desired result and take actions (at times hit-or- 
miss) to decrease the distance between the two states 
(see Anderson, 1985). On the other hand the experts use 
the forward working or knowledge development approach.
Using this approach the expert would use the givens of 
the problem to generate new information to use in 
successive equations until the desired result is 
achieved.
Related to this, is the experts tendency to spend
17
some Initial time on a low-detail qualitative analysis 
of a problem which is then used in planning the approach 
to the problem. This is opposed to the novices rather 
weak heuristic approach of an algebraic plug-and-chug 
method (Larkin et al., 1980).
Both of these difference characteristics 
(perception of and approach to the problem) are 
dependent upon the third characteristic, that of the 
cognitive "baggage” one brings to the problem. As 
discussed by Chi, Glaser and Rees (1982), the problem­
solving enterprise is mediated by mental processes 
defined by the knowledge (cognitive) structure. Experts 
are found to have knowledge of their field more 
hierarchically arranged and stored in larger functional 
units (Larkin et al. , 1980). It is inferred from this
that the expert’s greater success at problem solving is 
due to the ability to activate the most appropriate 
problem schemata (Chi et al., 1982) and therefore more 
efficiently access and process useful knowledge (Roehler 
et al., 1988).
Related to this is the indication that the expert, 
in addition to having a greater wealth of declarative 
knowledge, also has a greater store of domain specific 
heuristically powerful procedural knowledge. This is in 
contrast to the novices’ use of less powerful but
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broadly applicable heuristics (Larkin, 1981).
Cognitive Structure and Knowledge Utilization
Little research has been done to indicate how the 
purpose to which knowledge is to be utilized affects the 
learning of that knowledge and subsequently its 
usefulness in future problem-solving situations. In 
addition, neither has most current research considered 
the particular application or organization of knowledge 
structures of different types of experts within a 
knowledge domain.
The first indication that the real-world 
application of knowledge may affect cognitive structure 
came from the work of Veiser and Shertz (1983). In this 
study they requested that three groups of subjects sort 
computer programming problems into categories based on 
how they might solve them. The three groups included 
undergraduate computer science majors (novices), 
computer science graduate students (experts) and 
professionally employed programming managers (a second 
type of expert). It is unclear from the report of the 
study why the last group was included. The results of 
their study show the similar surface versus deep 
structure differences between experts and novices found 
in other studies (Chi et al., 1982; Larkin, 1983). What
is unique to their study, however, is evidence that the 
programming managers used a representation of the 
problems very different than that of the undergraduate 
and graduate subjects. Interviews with the managers 
revealed that they solve problems by delegating them to 
programmers, therefore their categorizations reflected 
the kinds of programmers to whom they would assign the 
problem.
In a more direct attempt to look at the difference 
in cognitive structure between different types of 
experts, Smith (1988) administered 28 classical genetics 
problems to biology faculty members who teach genetics, 
licensed genetic counselors and undergraduate science 
majors. Like Weiser and Shertz (1983) these subjects 
were asked to arrange the problems into categories based 
on how they would solve them. Subjects were also asked 
to solve four genetics problems to determine problem 
solving ability. Once again the deep versus surface 
structure difference was found between the faculty 
members on the one hand, and the genetic counselors and 
students on the other. Whereas the faculty subjects 
sorted the problems on a conceptual basis, the 
counselors and students had a tendency to differentiate 
them based upon the knowns and unknowns of the problem. 
Additionally, it was indicated from the labels given to
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the groupings that the counselors also focused on the 
procedures to be used to solve the problems, whereas the 
students tended to focus on the verbatim wording of the 
problem.
Considering the results that (1) the counselors and 
students use 'similar memory organizations and (2) the 
counselors were at least as successful at problem 
solving as the faculty, Smith raises the question as to 
why the counselors are so much more successful at 
attaining the problem solution than the students. He 
posits three reasons.
First, is the indication that for the counselors 
the procedural knowledge is "intimately integrated" <p.
13) with the content knowledge. He suggests that as 
important as the ability to use the procedural knowledge 
is, equally as important is the ability to discern the 
appropriate problem conditions to which the procedures 
should be applied. Interestingly, the counselors were 
the only group to indicate procedural categorization of 
the problems, despite the fact that the directions 
specifically directed that groupings be made upon "how 
you would solve them” (Smith, 1988, p. 6).
Second, is the assumption that the content 
knowledge of the counselors is superior to that of the 
students.
Third, is that although both student and counselor 
groups focused to some degree on the problem knowns and 
unknowns, the students' additional focus on the wording 
of the problem indicates the two groups perceive the 
problem variables in quite different ways. Smith points 
out that "some students appear to recognize the problem 
goal/unknown but have very limited understanding of what 
the goal is" (p. 13).
Smith concludes that although not all experts in a 
particular discipline may generate a cognitive structure 
based upon conceptual themes, they may nevertheless have 
considerable problem-solving success. The difference, 
it would seem, is found in the purpose of the knowledge 
and the problem-solving goal-direction of the expert. 
Smith points out that the goal of the genetic counselor 
is to solve the problem and share that information with 
the client. On the other hand the faculty members spend 
considerable time organizing the concepts for 
instruction. Problem solving is then a secondary goal, 
in this context.
What is evident, however, is that no matter the 
type of expert, sufficient knowledge of the subject 
matter is necessary for problem solving success. As the 
work of Perfetto, Bransford and Frank <1983) suggests, 
the mere presence of knowledge in the memory is not
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enough. Rather, an adequate organization of the 
knowledge which makes it available, and therefore useful 
at the time of problem solving, is also required. The 
work of Hewson <1981) implies that only those 
constructions of meaning which are intelligible, 
plausible and useful become a part of long-term memory, 
and that what is of paramount importance for the 
usefulness of the knowledge is the quality and number of 
links developed in the initial and subsequent cognitive 
structure.
Motivation, it would seem, is the link between 
content and learner— generated meaning, or said another 
way, between content and useful knowledge. As Osborne 
and Wittrock (1983) suggest, motivation is "closely tied 
to intentions, plans, and previous experience and 
reflects more than momentary environmental stimulation” 
(p. 494). This would suggest that awareness of a 
knowledge set’s future application may affect the 
pattern of the cognitive structure and therefore its 
usefulness. This has been shown to be clearly the case 
when students are told to prepare for a multiple choice 
test versus an essay test (Terry, 1980). The work of 
Smith (1988) and Weiser and Shertz (1983) would indicate 
that this may also be true for ’’life’s work” application 
of knowledge as well.
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Cognitive Structure and Teacher Thinking 
Much of the research on teacher thinking has 
focused on the process of teaching rather than content.
A recent review of the literature on teacher thinking by 
Clark and Peterson (1986) reveals only a small number of 
studies dealing with teacher knowledge and even fewer 
studies dealing with subject-matter knowledge.
A particular study of note was completed involving 
knowledge and instruction of mathematical fractions by 
expert and novice teachers. Using interviews, card- 
sorting tasks and videotaped lessons, Leinhardt and 
Smith (1985) explored the relationship between teacher’s 
behavior and their subject-matter knowledge of 
fractions. The differences revealed between expert and 
novice teachers was found to be consistent with other 
expert/novice research. Leinhardt and Smith describe 
the novices as having a more "horizontal, separate- 
category system" whereas the experts had more "elaborate 
and deeper categories" (p. 268).
Although the expert teachers had similar cognitive 
maps (semantic and planning nets in their terms),
Leinhardt and Smith (1985) found considerable 
differences in the level and detail of subject-matter 
presentation, as well as in conceptual emphasis and 
lesson approach. They suggest that as a teacher’s
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conceptual knowledge increases and becomes more "fluid”
(i.e. more and deeper links) this will be reflected in 
the lesson presentation resulting in greater student 
achievement <p. 270). Similarly, Hashweh (1985) 
suggests in a logical argument that as a teacher better 
understands the subject matter he or she is more likely 
to come up with more appropriate and possibly a greater 
number of representations, examples, or analogies of a 
concept. He also suggests that a more "expert-like" 
understanding of a subject will result in a course which 
better reflects the structure of the discipline (p.
23) .
Hashweh’s study <1985, 1987) was designed to look
at the effect of teacher’s subject-matter knowledge on 
planning and in simulated teaching situations. The 
subject-matter knowledge base of three secondary physics 
and three secondary biology teachers was assessed in the 
areas of simple machines and photosynthesis using 
summary free recall, concept-map line labeling, and 
sorting tasks. All six subjects were asked to plan 
instruction in both the physics and biology content from 
textbook material supplied to them by the investigator. 
Results of Hashweh’s study describe the advantages and 
characteristics topic-knowledgeable teachers have over 
those who are less topic-knowledgeable. He found that
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more knowledgeable teachers-
(a) use the textbook organization of the concepts 
only when it coincides with their own.
<b> are able to supplement or delete curriculum 
content as needed.
(c) are able to effectively modify textbook 
activities.
(d) have a useful cache of conceptual 
representations, analogies, and examples.
<e> use a wider cognitive range of questions to 
students.
(f) are able to detect student preconceptions.
<g) are able to detect a meaningless or subtle 
theme presented in curricular material.
Hashweh (1987) concludes, "The study leads us to 
view teacher prior knowledge of subject-matter as 
contributing greatly to the transformation of the 
written curriculum into an enactive curriculum, a 
transformation that starts during preactive teaching and 
is reinforced and completed during interactive teaching"
<p.119).
Conclusion
It is obvious that to teach one needs to know what 
to teach as well as how to teach it. The research of
the past few years has made it clear that a teacher 
works from a cognitive system which interfaces an 
understanding of the learner, an understanding of the 
learning process, and an understanding of the 
discipline. The recent focus has been on the first two. 
This review and others have revealed that little work 
has been done to understand the role of content 
knowledge in the cognitive system of a teacher. It is 
to the contribution of this understanding that this 
study is designed.
CHAPTER 111 
RESEARCH PROCEDURES AND METHODOLOGY
Based on the theoretical framework established In 
the previous chapter, this chapter presents an account 
of the methodologies used in this study.
The overall purpose of this study was to determine 
the effects teaching experience, teaching confidence, 
and teaching effectiveness have upon the cognitive 
structure of teachers in the content domain of biology. 
It was the goal of the study to discover and confirm the 
exsistence of relationships between groups, therefore 
the research approach used was grounded theory (Glaser & 
Strauss, 1967). The design of the study was constructed 
to describe the direction, not the magnitude, of these 
relationships, therefore theoretical sampling of five 
different groups of subjects (a total of 39 subjects), 
rather than random sampling was used.
The Research Sample 
The research sample included persons from each 
of the following five populations:
1. Preservice secondary science teachers (PSR); 
persons pre-registered for the secondary science 
methods course, whose major or minor area was
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biology. <N=7>
2. Novice inservice secondary biology teachers 
CNOV); teachers with 1-3 years of teaching 
experience. (N=7)
3. Experienced inservice secondary biology teachers 
<EXP>; teachers with 5 or more years of experience.
(N=10)
4. Established scientists (Ph.D.) specializing in 
any field of the biological sciences. <SCI> <N=7)
5. Advanced, undergraduate biological science 
majors. (MAJ) (N=8>
Half of the inservice teachers were sampled from 
the teaching force of a major metropolitan area and the 
other half from a smaller community, both located in 
Louisiana. The education and biology students, as well 
as the scientists, were associated with the College of 
Arts and Sciences of the Louisiana State University.
The biology students were volunteers from a zoology and 
microbiology class. The scientists included two 
ecologists, three botanists, and two biochemists. The 
scientists were also volunteers. None of the subjects 
were paid for their service.
In addition to the sample groups as described 
above, two subgroups were created from the inservice and
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preservice teacher pool. As will be described below an 
instrument was designed to determine the level of 
confidence these subjects had in the biology content 
area used in this study. From the data collected by 
this instrument, confident and less confident groups 
were established by simply determining if the subjects 
were above or below the median score.
The second subgroup was created to establish an 
effective and less effective grouping. Using the 
professional judgment of university and parish science 
supervisors, each having direct knowledge of the 
teaching ability of the subjects, the inservice teachers 
were ranked according to effectiveness. Again, the 
groups were determined by position above or below the 
median.
Data Collection 
Data for this study were collected using three 
research instruments. The instruments were presented to 
the subjects in the same order as they are presented 
here.
Demographic Instrument
Four forms of this instrument were designed with 
specific modifications for each group. The subjects
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were asked to give information regarding the following 
factors:
a. Sex
b. Age
c. Years of teaching experience
d. B. S. major, minor
e. Advanced degrees and date awarded
f. Science education training as biology or
chemistry teacher
g. G.P.A.
h. Special recognition of teaching ability 
Examples of each of the forms can be found in Appendix 
A.
The F-sort of Biology Concepts
The primary data collected for this study were 
obtained with the use of a slightly modified version of 
the "Instrument for Free Sorting of Concepts" (Uche, 
1987).'* This instrument consists of 37 biology concepts 
on separate self-adhesive address labels. The subjects 
are asked to sort the 37 concepts into categories based 
upon their understanding of the relationships among the 
concepts. When they are satisfied with the 
classification they are asked to remove the backing on 
the labels and stick them to the paper in columns, one
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column for each group. In addition, the subjects are 
asked to label each column with a word or two that 
reflects the relationship of the concepts within that 
group.
The printed directions presented with the concepts 
assure the subject that there is no right or wrong basis 
for the groupings and that there is no limit to the 
number or size of the groups. The directions conclude 
with a brief example using common words. The complete 
instrument can be found in Appendix A.
Each subject was administered the F-sort in the 
presence of the investigator. The subject was given 
time to read the directions and then asked if there were 
any questions. After clearing up any misunderstandings 
the subject was asked to proceed with the F-sort.
A number of other techniques besides F-sort have 
been developed to describe cognitive structure, but as 
White <1985) points out, the most discerning techniques 
will always include an interview in one form or another. 
Therefore, additional analysis of the F-sort data 
included audio-taping of the subjects during the sorting 
task. While performing the sorting task, the subjects 
were asked to ’’think-aloud", that is, to verbally 
express their thoughts as they made decisions in the 
sorting. Direct questioning to prompt verbalization or
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to request an explanation was used, however the 
investigator was cautious not to give any negative or 
positive reactions to the sorting process. Each session 
with a subject was audio-taped and later transcribed for 
analysis.
Self-Concept of Science Teaching Ability
This instrument was adapted from Brookover,
Erickson & Joiner (1967) by the investigator to 
determine the level of confidence a teacher has in 
his/her ability to teach each of the 37 biology concepts 
presented in the F-sort. To each of the 37 biology 
concepts the subjects were asked to respond on a five 
point Likert-type scale indicating how confident they 
were in their ability to teach that specific topic to 
the level of student they normally taught. This 
instrument was not administered to the MAJ or PSR. The 
complete instrument can be found in Appendix A.
Data Analysis 
Latent Partition Analysis and Alpha Factor Analysis 
The data collected from the F-sort of Biology 
Concepts were analyzed using Wiley’s <1967) Latent 
Partition Analysis and Alpha Factor Analysis with
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additional interpretation using multidimensional 
sealing.
F-sort is a method for recording observed 
(manifest) categorical choices of individuals when 
presented with a given set of stimuli. In this study, 
subjects are asked to sort 37 biology topics into 
categories of their own choosing with no restrictions to 
number or size. Although subjects will sort the 
concepts into slightly different patterns of categories, 
the analytical model assumes there is a single 
categorization pattern that underlies the categories 
constructed by each specific research group (Viley,
1967). In this way the uniqueness of each group can be 
identified, an identity assumed to be based upon some 
similar educational or other experiential occurrence.
The partitions constructed by the subjects were 
first summarized using latent partition analysis (LPA).
The first step in LPA consists of determining the 
relative frequency with which the subjects of each group 
combined each pair of concepts. The sorting completed 
by each subject generates a 37 x 37 matrix <K x K items) 
with a 1 scored in a cell if the two concepts are paired 
together in a category, or a 0 if they are not. All of 
the matrixes from the group under consideration are then 
pooled and averaged. The collective matrix structure
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determined by LPA is therefore a probability derivation 
of the latent structure, called the estimated joint 
proportions matrix or S-matrix (Wiley, 1967). A cell of 
the S-matrix represents the proportion of subjects who 
sorted those two concepts into the same category.
Since the 37 biology concepts used in the sorting 
are only a sampling of all possible biology concepts 
alpha factor analysis (AFA) was deemed appropriate for 
the next data reduction step (Nie, Hull, Jenkins, 
Steinbrenner & Bent, 1975). Willson and Palmer (1983) 
state that little practical difference has been found 
between alpha factoring and other latent variable data 
reduction techniques.
Wiley's LPA model assumes the S-matrix is based on 
orthogonal clusters, and he therefore recommends raw 
quartimax rotation for the LPA data matrix. Since the 
biology concept categories may not be independent, the 
analysis procedures must be able to extract 
nonorthogonal partitions. With this in mind, the 
oblique rotation option, Promax, of SAS PROC FACTOR was 
used.* Through an iterative process the analysis 
identifies the latent structure of the group 
categorization. From this derivation both the substance 
(the elements of the category) and the structure (number 
and size of latent categories) can be analyzed for each
group.
The AFA generates two computational outputs used in 
the next phase of the data analysis. The first of these 
outputs is the latent category membership matrix, which 
is a i-concepts by j-categories matrix. It identifies 
the concept and its degree of membership (factor 
loading) in a particular latent category. The 
interpretation of this matrix is similar to other factor 
analysis methods, such that the character of the latent 
category is defined by those concepts which have the 
highest "loadings” of that category (Miller et.al, 1986; 
Uche, 1987). The second output used, is the inter—  
factor correlation matrix which defines the degree to 
which latent categories are related. This matrix is 
used for the multidimensional scaling analysis of the 
categories. In LPA this would be similar to the 
confusion index.
As explained by Miller et al. (1986) the product 
partition theorem states that the latent category
I
structure of the pooled population contains all the 
category differences of each subpopulation. Therefore, 
in order to more easily compare the categorizations 
between groups a pooled joint proportions matrix was 
generated and analyzed by AFA. The number of categories 
generated by this pooled group was then used to specify
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the number of categories allowed for each subgroup. In 
this way, differences between groups can be explained by 
different interfactor correlation matrixes.
Cognitive Distance
In addition to the differences in categorical 
substance and the interfactor correlations, groups can 
be compared using the index of cognitive distance.
First proposed by Johnson <1967) and cited by Fillenbaum 
and Rapoport (1971, p. 34), cognitive distance is 
determined by creating an incidence matrix for each 
group. This incidence matrix is a item by item (k x k) 
matrix in which a 1 is scored in a cell if two items are 
placed together in the same latent category or a 0 if 
they are not. The cognitive distance is the total 
number of corresponding cell& between two incidence 
matrices (two different groups) which are scored 
differently, divided by k(k-l) (Gorodetsky & Hoz, 1985).
This index ranges from 0, indicating identical 
categorical structures, to 1, indicating a maximum 
difference between structures. As will be discussed 
below, multidimensional scaling was used to interpret 
these distances.
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Multidimensional Scaling (MDS)
Sorting tasks which generate the grouping of 
stimuli according to similarities can be used as an 
index of the ”distance" between latent categories in a 
multidimensional space. If two categories are highly 
correlated they will be close together in the 
multidimensional space and conversely, if they are 
uncorrelated they will be far apart in that space.
Therefore, distance is monotonically related to 1 minus 
the interfactor correlation.
The second phase of analysis in this study was 
performed by using the ALSCAL multidimensional scaling 
program of Takane, Young, Lewyckyj and de Leeuw (1978).3 
Distances (dissimilarities) were determined by 
subtracting the five inter-correlation matrixes from 1.
The resultant matrixes were used as input into the 
ALSCAL program. The analysis was run with the following 
options (Miller et al., 1986):
a) ordinal data type- requests a monotonic function 
of the input before the spatial configuration is 
estimated
b) unconditional measurement- ensures that the same 
function is applied to the estimated distances of 
all the groups
c) individual differences model- generates a single
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configuration of the concept groups with separate
dimension weights given for each sorter group.
A matrix of the cognitive distances between groups 
was also subjected to MDS. In this case the options 
were:
a) ordinal data type
b) condition = matrix
c) Euclidian model
Analysis of Think-aloud Transcripts
As was described earlier, the subjects were 
requested to ’’think-aloud” as they performed the sorting 
task. These sessions were audio-taped and transcribed 
for analysis. Two novices’ and one scientist’s think- 
aloud recordings were inadvertently destroyed, these 
consequently were not included in this part of the 
analysis. It should be noted here, that whereas the 
analysis of the F-sorts resulted in describing a group 
characteristic, the analysis of the transcripts was done 
on an individual basis.
The transcripts were initially marked with a color 
code, each color representing one of the major 
categories established during the F-sort. Each item of 
the instrument mentioned verbatim by a subject was coded 
to match the representative polor of that category.
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The next level of analysis was designed to discover 
global patterns of thinking. That is, statements were 
identified which revealed on what basis a subject might 
be creating categories. These were also color coded.
Finally, to determine the fit of the hypothesized 
structures, specific decisions of individual subjects 
were interpreted in light of the group cognitive 
structure and the proposed global reasoning pattern of 
that individual. Comparisons among groups were made 
category-by-category, identifying differences among 
groups as well as unique differences within groups.
Initial coding and interpretation of the 
transcripts was done by the investigator. The results 
were reviewed and corroborated by another science 
educator with extensive training in biology.
Summary of Analyses
The analysis of the data included the following 
steps:
1. Latent Partition Analysis of the F-sort
2. Alpha factor analysis of the results of the LPA
3. Cognitive distance indexing between groups
4. Multidimensional scaling of the AFA results
5. Interpretation of the transcripts
With these procedures the data generated a group
cognitive structure of the biology concepts which were 
graphically displayed using MDS. Gross differences 
among groups could be identified with the factor 
analysis and the index of cognitive distance.
Descriptive characteristics of the group cognitive 
structures as well as description of individual 
idiosyncrasies were identified with the analysis of the 
transcripts.
Notes.
1. See Uche (1987) for a complete description of 
the development of the ”F-sort of Biology Concepts” 
instruments.
2. A complete listing of the input statements for 
the alpha factor analysis can be found in Appendix D.
3. ALSCAL is an available program on SAS. A user’s 
guide is available from Forrest W. Young, Psychometric 
Laboratory, Davie Hall 013-A, University of North 
Carolina, Chapel Hill, NC 27514.
CHAPTER IV 
RESULTS AND INTERPRETATIONS
As described in tbe previous chapter the data 
analysis generated three primary products; (a) the F- 
sorts of each group, describing the items and factor 
loadings of each category, (b) the cognitive distance 
between groups and, (c) a multidimensional map 
emphasizing the unique weighting of dimensions by the 
different groups. Each of the products will be dealt 
with separately in the following section. The chapter 
concludes with discussion of the think-aloud transcript 
analysis.
The F-sorts of Scientists (SCI). Biology
Ma/lors (MAJ). Preservice Teachers (PSR).
Novice Teachers <NOV) and Experienced Teachers
(EXP)
As described in Chapter III, each group and 
subgroup generated an item-pair probability matrix (S- 
matrix in LPA) which is an item by item matrix of the 
concepts on which an alpha factor analysis was performed 
(See Appendix B, Tables 1-9). A preliminary factor 
analysis of the pooled population determined eight 
categories to be optimal, therefore the individual group
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analyzes were "forced" to eight categories as described 
in Chapter III (see Miller et al., 1986, p.160). The 
results of the rotated alpha factor analyses can be 
found in Tables 1-5.
The initial analysis of the data indicated that 
eight categories were, indeed, not optimal for all the 
groups. In particular, the MAJ group produced no items 
for an eighth factor and the SCI showed considerable 
confusion beyond the sixth factor. Additional trials 
with the SCI data indicated that 10 factors would allow 
the cleanest loading of items, however, for the sake of 
comparison to the other groups the eight-factor forced 
analysis will be used.
In general, all of the groups had six very similar 
categories although the concepts included within each 
category are not identical among groups. The six common 
categories were: Evolution, Reproduction, Cell 
Transport, Cell Growth, Physiological Systems and,
Ecology. The titles of the categories are based upon 
the headings given by the subjects and are indicative of 
the concepts included within the category. Though not 
as equally alike among groups, the seventh and eighth 
categories are titled Energy and Plants.
For clarity, reference to an item of the instrument 
will use capitalization of the word(s) (e.g.,
43
Environmental Adaptation). Reference to a category will 
be made using all capital letters (e.g., REPRODUCTION).
When an aspect of the group cognitive structure is 
being discussed the group will be referred to by the 
coding initials (e.g., EXP for experienced teachers; see 
Chapter III), whereas if individual differences within a 
group are being discussed they will be referred to, for 
example, as ’’the majors” . Quotations taken from the 
transcripts are followed by the group code as well as 
the individual's code number within the group. Comments 
of the interviewer are preceeded by ”E:” .
The following sections of this chapter deal with 
the similarities and differences between and among 
groups, category-by-category.
EVOLUTION
The EVOLUTION category was a very consistent factor 
throughout the groups with the exception of SCI. As can 
be seen from Table 5 the scientists broke the 
evolutionary terms into two groups, one called 
Ecology/Environmental (Factor 1) and the other 
Evolutionary Mechanisms (Factor 6). Comments from the 
scientists indicated a very different understanding of 
evolution as compared to the other groups. Comments 
such as:
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T a b l a  I
R o t a t e d  F a c t o r  L o a d i n g s  for E x p e r i e n c e d  T a a c h a r s  <EXP>
Catagory Labal Stieulus 1 2 3 4 5 6 7 8
Evolution Succasaion of spaclas t .012 -.010 0.016 0.012 -.049 -.109 0.003 0.001
Natural salactlon 0.967 -.006 0.003 0.014 -.043 - . I 06 0.006 -.006
Evolution 0.911 0.035 -.013 -.031 0.071 -.062 -.064 0.026
Organisaal variation 0.667 0.012 -.010 -.037 0.067 -.076 -.063 0.032
Envlronsantal adaptation 0.791 0. 001 0.010 0.020 -.042 0.217 0.091 -.026
Orgamsaal cospatition 0.725 0.004 0.007 0.016 -.039 0.223 0.093 -.022
Migration 0.577 -.002 0.012 0.012 -.026 0.383 0.042 - . 025
Raproduction Fartilization -.030 1 .020 0.013 0.032 -.062 -.022 0.007 -.027
Ovulation -.003 0.965 0.015 0. 004 -.01 1 -.041 0.003 0.003
Raproduc 11 on -.079 0.965 0. 165 0.020 -. 126 0.014 0.032 -.058
Manstruation -.024 0.946 0.029 -.039 0. 101 -.024 -.016 0.041
Mating 0. 163 0.611 -.140 0.026 0.056 0.064 0.016 -.076
1 nnarltanc a 0.213 0.39b -.023 -. 121 P. 339 -.OP / -. OS/ O. 190
Physiological Blood clotting 0.010 -.043 1.019 0.042 0.116 -.01 6 0.000 -.246
Systeas Blood circulation 0.001 0.024 0.677 0.061 -.008 0.01 5 -.084 -.016
Reflex Action 0.006 -.017 0.774 -.067 0.121 -.016 0.110 -.098
Excretion 0.012 0.052 0.714 0.001 -.064 0.006 -.066 0.327
Dlgastton -.016 0.014 0.699 -. 143 -.046 0.026 0.026 0.453
Ragulatlon of body fluids 0.010 -.006 0.566 0.269 -.059 0.002 -.066 0. 107
Call Olffusion -.007 0.009 -.041 0.956 0.042 0.004 -.062 CT.075
Transport Osaosls -.007 0.009 -.041 0.966 0.042 0.004 -.052 0. 076
Actlva transport 0.01 1 0.032 -.039 0.676 -.039 -.036 0.194 0.019
Call transport -.016 -.030 0.119 0.761 0. 106 0.027 -.142 -.005
Enzysa raactlon 0.023 -.023 0. 124 0.613 0.001 -.043 0.206 -.017
Call Mitosis -.064 -.010 -.097 0. 192 0.766 0.064 -.012 0. 106
drouth Claavaga of calls -.026 0.306 0.040 -.01 1 0.690 0.017 -.049 -.057
Maiosls -.013 0.201 -.104 0.073 0.671 0.00© 0.015 0.030
Tlasua raganaration 0.023 -.136 0. 136 -.006 0.667 -.032 0. 171 -.034
Call dlffarentiatlon -.013 0.236 0.036 0.064 0.689 0.007 -.056 0.021
Orovth 0.034 -.069 0. 105 -.140 0.624 -.021 0.014 0.621
Ecology dysbiosis 0.029 0.006 0.006 -.012 0.01 1 1 .004 -.006 0.001
Parasltins 0.066 -.016 0.007 -.022 0.023 0.797 -.067 0.015
PI ants Photosynthesis -.064 0.021 -.022 -.021 0.076 -.026 0.926 0. 101
Carbon cycla 0.204 0 . 003 0. 020 0. 172 -.032 -.032 0.566 -.01 1
Pol 1i nation -.061 0.377 -.071 -.040 0. 156 0.016 0.369 -.024
Enargy Hatabol1ss -.009 -.040 0.056 0. 366 -.031 0.006 0.032 0. 724
Raaplration -.033 0.074 0.471 -.070 -.067 0.022 0.116 0 . 464
Nota. F a c t o r  l a a d t n g a  g r a a t a r  t h a n  0 . 3 6 0  ara c o n a l d a r a d  s i g n i f i c a n t .
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T a b l e  2
R o t a t e d  F a c t o r  L o a d i n g *  for N o v l c a  T e a c h e r s  <NOV)
Category Label 8tlaulua 1 2 3 4 6 6 7 8
Evolution Evolution 0.909 -.017 * 0.011 0.002 -.021 -.039 0.008 -.018
Organlaaal variation 0.989 - .01 7 0.011 0.002 -.021 -.039 0.008 -.018
Succeaalon of apaciaa 0.989 -.017 0.01 1 0.002 -.021 -.039 0.008 -.018
Natural selection 0.989 -.017 0.011 0.002 -.021 -.039 0.008 -.018
Migration 0.899 -.027 0.009 0.002 0.009 0. 180 -.002 -.016
Environaantal adaptation 0.683 0.007 -.028 -.022 -.049 0.007 -.002 0. 156
Organisaal conpetltlon 0.776 -.026 0.008 0. 003 0.027 0 . 046 -.007 -.018
1nher1tanca 0.560 0.211 -.020 0.004 0.277 -. 122 -.0019 -.022
Call Clasvaga of calls -.0263 0.918 -.014 0.004 0. 021 -.012 0.016 0.011
flrowth Cell differentiation 0. 106 0.843 -.006 -.001 -.134 -.017 0.041 0. 021
Tissue raganaratlon -.060 0.766 -.003 -.001 -.143 0.041 0.064 0.010
Mitosis -.062 0.733 - .002 0.005 0.113 0 .028 -.012 -.003
Kslosls -.020 0.672 l o o C.CC5 0.246 - . 026 -.054 0.CG0
Growth -.036 0.669 0.116 -.01 1 0. 180 0.022 0.039 0.003
Physiological Blood circulation 0.009 0.070 0. 972 -.106 -.124 0.001 -.069 -.019
Excretion 0.000 -.076 0.821 0.077 0.117 -.006 0.112 -.027
Regulation of body fluids 0.006 0.066 0.784 0.300 -.068 0.000 -.097 -. 106
Digestion -.003 -.036 0.766 -.086 0.094 0.000 0.280 -.003
Blood clotting 0.016 0.067 0.664 -.090 -.140 0.000 -.008 -.061
Respiration -.013 -.119 0.606 0.036 0. 192 - .002 -.105 0. 487
Cal 1 Ossosl• 0.000 0.006 -.004 0.990 -.008 0.000 -.021 -.006
Tranapor t Diffusion 0.000 0.006 -.004 0.990 -.008 0.000 -.021 -.006
Active transport -.001 0.003 -.040 0.896 -.004 0.000 0.01 1 0.020
Call transport 0.000 -.018 0.017 0.678 0.01 1 0.000 0.096 0.046
Reproduction Ovulation -.034 -.037 -.047 -.002 0.936 0.003 0.012 -. 039
Menstruation -.034 -.037 -.047 -.002 0.936 0.003 0.012 -.039
Ferti1ixation -.017 0.237 -.024 -.004 0.722 -.022 0.037 -.012
Mating 0.307 0.186 -.030 0.006 0.61 6 0.114 -.063 -.042
Polllnatlon -.006 0.294 -.062 -.016 0.610 -.028 0.078 0.085
Raproduc tlon -.039 0.399 0. 141 -.001 0.433 0.000 -.162 0.000
Ecology Parasitise 0.004 0.012 - . 002 0.000 0.006 0.914 0.003 0. 002
Oyabioals 0.004 0.012 -.002 0.000 0.006 0.914 0.003 0.002
Energy Enzyaa reaction 0.003 0.024 0.004 0. 106 0.010 0.004 0.998 -.043
Matabollaw 0.003 0.010 0. 264 -.082 0.010 0.002 0.767 0.094
Planta Carbon cycle 0.016 0.048 - .002 0.000 -.087 0.006 -.018 0.812
Photosynthesis 0.012 0.038 -.170 0.040 - .038 0.001 0.047 0.673
Not*. F a c t o r  l o a d l n g a  g r e a t e r  t h a n  0 . 3 6 0  a re c o n s i d e r e d  s i g n i f i c a n t .
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Category Label Stiaulus 1 2 3 4 6 6 7
Evolution Succession of species 1 .000 -.020 -.002 0.026 0.001 0.008 0.01 1
Evolution 1 . 000 -.020 -.002 0.026 0.001 O.00B 0.011
Orgen1 seal variation 1 .000 - . 020 -.002 0.026 0.001 0.008 0.01 1
Natural selection 1 .000 -.020 -.002 0.026 0.001 0.006 0.011
Xnherltance 0.890 0. 124 0 . 000 -.014 -.006 -.001 -.003
Organlsaal CGapeti tlon 0.860 -.019 - . 030 0.052 -.006 0.063 - . 027
Env1ronaenta 1 adaptation 0 . 837 0.040 0 . 002 - 1 OS 0.005 - .063 - . 001
Migration 0.726 0. 037 0.061 -.077 -.001 -.017 -.025
Raproduc tlon Reproduc tlon -.023 0.974 - . 057 0.01 1 0.099 0.016 -.013
Ferti1iaation -.023 0.974 -.067 0.01 1 0.099 0.016 - .01 3
Ovulation -.023 0.974 -.067 0.011 0.099 0.016 -.013
Menstruation -.023 0.974 -.067 0.011 0.099 0.016 -.013
nating 0.23b O. 740 0 . OOO 0 . 030 -.129 -.067 0.085
Reioais -.053 0.469 0.171 0.480 -.040 0.016 -.020
Cell 0seoele 0.024 -.037 1 . 020 -.065 -.027 0.097 0.011
Tranapor t Active transport 0.021 -.030 0.969 -.036 -.001 0.040 0.007
0 1  ffusion 0.021 -.042 0.961 -.035 -.013 0.094 0.013
Cell transport 0.020 -.006 0.692 0.117 0.234 -.140 -.007
Cell 0.033 -. 1 33 -.220 0.935 - .094 0.191 -.021
Growth Cel 1 dl1ferentlatlon 0.072 0. 067 0.016 0.769 0.020 0 . 1 06 -.099
Cleavage of cells -.046 0. 166 0.266 0.745 -.106 -. 137 - .040
Growth -.037 0.061 -. 121 0.651 0.040 0.060 O. 113
Enzyee reaction -.029 -.241 -.207 0.649 0.300 - .084 0.144
Mitosis -.047 0. 367 0.339 0.644 -. 136 -. 150 0.006
Physiological Olgestion 0.009 0.095 0.000 -.017 1 .001 -.016
OM01
Syatees Metabolise 0.009 0.096 0.008 -.017 1 .001 -.016 -.020
Respiration -.034 -.023 0.000 0.021 0.609 0.069 O. 196
Excretion 0.002 0. 192 0. IBB -. 171 0.578 0.240 -.157
Phyaiological Blood clotting -.012 -.005 0. 12B 0.010 -.066 0.949 0.064
Syatee Regulation of body fluids -.01 1 0.010 0. 143 -.003 -.016 0.861 0.017
Exaeples Blood circulation -.019 0.004 -.076 0.063 0. 174 O. 801 - .003
Reflex action 0.091 -.020 -.194 0.247 0.163 0.462 -.065
Plants Carbon eye 1* 0.113 -.103 -.091 0.012 0.206 -.043 0.876
Photosynthesis -.056 -.073 0. 160 0.061 -.006 0.024 0.768
Pol 1inatlon -.076 0.476 - .010 -.109 -.199 0 . 060 0.748
Ecology Syebloals 0.069 0.000 0.003 -.012 -.000 - .003 0.003
Parasitise 0.060 -.026 -.009 0.026 0.010 -.014 0.019
" 0 7 8  
-.078 
-.070 
-.078 
-.020 
O . 1 57 
O . 1 40 
0.27B
O. 008 
0.009 
0.009 
0.009 
-. 103 
0.021
0 . 001 
O. 003 
- . 0 01  
- . 0 1 1
O. 062 
-.034 
-.003 
-.042 
0.007 
0.011
-.033
-.033
0.075
0.019
-.033 
019 
-.024 
0 .098
-.050
0.033
0.066
0. 998 
0.930
Not*. F t c i o r  l o a d i n g s  g r e a t e r  t h a n  0 . 3 5 0  a r *  c o n s i d e r e d  s i g n i f i c a n t .
Ta b l a  4
R o t a t a d  F a c t o r  L o a d i n g s  for O t o l o g y  M a j o r s  ( MAJ)
Catagory Labal Stimulus 1 2  3 4 0 6 7
Evolution Organlsaal coapatltlon 0 . S9S - .025 -.036 0.000 0.010 -.010 0.028 -.002
Organlsaal variation 0. 995 -.026 -.036 0.000 0.010 -.010 0.028 -.002
Natural salacvion 0.996 -.026 -.036 0.000 0.010 -.010 0.028 -.002
Succaaslon of spacias 0.99S -.028 -.036 0.000 0.010 -.010 0.028 -.002
Evolution 0. 996 -.026 -.036 0.000 0.010 -.010 0.028 -.002
Envlronaantal adaptat1 on 0.650 -.024 0. 107 -.027 -.054 0.062 0.015 0.033
Inharltanca 0.700 0.116 -.022 0.026 - . 062 0 . 022 -. 1 32 0.049
Migration 0.633 0.015 0. 156 -.013 0.049 -. 132 0.300 -. 136
Raproductlon hating f •.029 0.947 0.016 -.095 0.072 -.160 0.071 0. 264
Fartlllzatlon 0.001 0.912 -.012 -.034 0.009 -.010 0.013 0.046
Halosls -.007 0.808 -.007 -.036 -.083 0. 192 0.030 -.112
Raproductlon -.016 0.791 -.001 -.077 0.064 -.006 0.047 0.043
Hansvruataon - . UUij u. / 7b - , w i  j u. Ub -. iva V. 1 IJ u.uib - . ! / »
Pol 1lnatlon -.006 0.666 0.010 -.069 0.080 -.116 0.013 0. 144
Ovulatlon -.006 0.596 -.014 0.161 -. 106 0.141 0.021 -.222
hitosis 0.000 0.462 0.037 0.020 0.061 0 . 436 -.070 -.247
Cal 1 Col 1 transport -.016 -.013 0.954 -.079 0.073 0.070 0.037 -.067
Transport Actlva transport -.016 -.013 0.9S4 -.179 0.073 0.070 0.037 -.067
Osaosls 0.019 0.009 0.948 0.083 -.043 0.035 -.043 0.162
01f fusion 0.016 -.00* 0.934 0.065 -.024 0.067 -.036 0.074
Physiological Exc ration 0.013 -.016 - . 1 44 0.910 -.028 0.121 -.001 0. 174
eystaas Rogulatlon of body fluids 0.034 0 . 061 0.362 0.814 -.068 -.342 -.081 -.095
Dlood circulation 0.026 -.016 -.006 0.776 0. 140 -.139 -.047 -.207
Dlgastion 0.003 0.019 0.0S7 0.724 -.068 0.064 0.025 0.434
Blood clotting -.103 -.060 -. 143 0.602 -.002 0. 254 0.245 -.099
Rasplration 0.019 -.054 0.084 0.530 0. 106 0.387 -.027 0.427
Enargy Carbon c y d a 0 . 000 -.019 0.076 -.160 0.926 0. 167 -.045 -. 068
Photoaynthosls -.012 0.064 -.068 0. 163 0. 881 -.177 0.006 0.016
hatabolIsa -.095 0. 003 — . 078 0.373 0.619 0.016 0.232 0.027
Enzyaa raaction 0.024 - .076 0. 148 -.072 0.672 0.31 1 -.079 -.022
Cal 1 -.076 -.137 0.076 0.036 0. 147 0.706 0. 172 0. 133
Oroath Claavaga of calls 0.036 0.321 -.017 -.01 1 0. 132 0.666 - . 1 t 2 -.228
Call diffarantlatlon -.062 0. 137 0.203 -.021 -.166 0.446 0.216 0 .049
Orovth 0. 191 0.264 -.047 0.118 0.203 0.366 -.179 0. 102
Ecology Byabloais 0.239 0.006 0 017 -.082 -.021 0.117 0.667 0.019
Parasi tisa 0. 139 0.019 - .006 0.096 -.028 0.079 0.636 -.033
Raflax action 0.064 0. 126 -.025 0. 123 0.043 0 .032 0.486 0.099
Plants 0. 000 0.000 0.000 0.000 0.000 0.000 0.000 0. 000
Nota. F a c t o r  l o a d i n g s  g r a a t a r  th a n  0 . 3 B O  a ra c o n a l d a r a d  s i g n i f i c a n t
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T a b l e  6
R o t a t e d  F a c t o r  L o a d i n g *  for S c i e n t i s t s  (SCI)
Category Label Stiaulus 1 2 3 4 S 6 7 6
Evolutionary Succession of species 0.937 0.022 -.013 -.018 -.023 -.005 -.015 0. 1 32
Results Syeblosls O. 936 O. 071 0.060 -.022 - .038 -. 112 0 . 036 -.063
Organlsaal coapetllion 0.780 0.046 0 . 064 -.021 -.054 0.072 -.017 -.016
Environaental adaptation 0.756 -.014 -.026 -.006 -.014 0.216 -.016 0. 108
0.520 -.017 -.024 -.009 -.025 0.199 -.039 0. 179
Parasltisa 0.512 0.041 0.069 -.010 -.015 0.245 0.032 -.214
Carbon eye 1* 0 . «56 -. 103 -.141 0. 120 0. 145 -.171 0.263 0 . 060
Cal 1 Mitosis 0.066 1.014 0. 079 0.054 - 137 -.100 - . 083 -.061
Growth Melosis 0 .000 0.857 -.123 0. 100 0.206 -.006 -.108 O. 036
Cleavage of cells 0.006 0.848 -. 136 0.062 0.210 -.011 -.087 0.060
Cell differentiation 0.002 0.81 1 0.062 -.078 0.037 -.037 0. 198 -.086
Growth -.012 0.684 0.026 -.300 -.119 0.086 0. 180 0.423
0.002 0 . 461 0.233 0.000 -.103 0.060 0.076 0.377
Physiological Blood circulation 0.009 0.010 0.883 0.063 0.078 - .060 -.064 -.137
Systsas Excretion -.018 -.052 0.767 -.119 -.076 -.003 0.212 0. 099
Blood clotting 0.043 0.114 0.766 0. 142 -.036 -.072 -.236 -.017
Digestion -.019 -.052 0.739 -.122 0.134 -.010 0.208 0. 106
Regulation of body fluid* -.018 -.028 0.620 0. 194 0.016 0.064 - . 1 66 0.275
Reflex action 0.074 -.071 0.376 0.004 0.331 -.118 0. 127 -.012
Cell 01ffusion 0 . 003 -.027 0.000 0.967 0.015 0.013 0.091 O. 004
Tranapor t Oaaoal* 0.004 -.027 0.000 0.967 0.01 5 0.013 0.091 O. 004
Active transport -.015 -.010 0.025 0.939 0.000 0.040 0.052 - 004
Cell transport -.058 0. 126 0. 138 0.809 -.099 0.068 0.003 - .049
Raproduc tlon Ovulation -.062 -.046 0. 189 0.040 0.819 0.007 -.086 0.085
(Masselian) Menstruation -.061 -.046 0. 189 0.000 0.819 0.007 -.086 0. 085
Forti1lxation -.036 0. 171 0.023 -.079 0.708 -.022 0.040 0.023
Hating 0.026 0.203 -.106 -.060 0.536 0.302 0.112 -.298
Evolutionary Evolution 0.264 -.070 -.007 0.014 -.014 0.829 -.039 -.055
Mechanise Natural seleetion 0.264 -.070 -.007 0.014 -.014 0.829 -.039 -.056
Migration 0.236 -.063 -.002 0.016 -.01 1 0.806 -.029 -.087
Inheritance -.180 0. 140 -. 121 0.082 0. 128 0.730 0.049 0.307
Energy Respiration -.017 0.004 0.038 0.046 -.022 -.023 0.888 -.050
Photosynthesis -.020 0.026 -.002 0. 103 0.063 -.001 0.778 -. 140
Metabol1sa -.087 0.043 0.066 0.026 -.168 0. 164 0.692 0.406
Enzyae reaction 0.200 -.023 -.177 0.307 0.063 -. 196 0. 567 0.086
Reproduction Reproduction 0.211 0.006 0.206 -.061 0.442 -.008 -.064 0 . 641
Pol 1ination -.033 -.018 O. 266 -.036
«ar«o 0.209 0. 174 -.366
Not*. Factor loadings graatar than 0.350 ar# conaidsrad significant.
Not* tha low loading of Pollination on Factor 5 and negative loading on Factor 8.
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Evolution a general starting point. (SCI-5)
Evolution- I’m not sure these are equivalent.
<SCI-4>; (referring to the other evolutionary 
terms)
Evolution is really a higher level. (SCI-2)
All of these are sub-headings of evolution. (SCI-2)
These comments indicate an understanding of 
evolution as an all-pervasive, all-encompassing concept 
of biology, reflecting the Dobzhansky quote, "Nothing 
in biology makes sense except in the light of 
evolution” , (Dobzhansky, 1973).
In comparison, many persons within the other 
groups, including the teachers, would simply refer to 
the "evolution stuff" (e.g., EXP-1). There was also an 
indication from a number of people that evolution was 
understood as the result of other environmental factors, 
for example, "organismal competition affects evolution" 
(PSR-1) and "organismal competition, a form of 
evolution" (NOV-6). The scientists as a whole, tended 
to see organismal competition, succession of species and 
the like, as consequences of evolution, not simply a 
process but a historical reality.
Also of note is the exclusion of the concept 
Inheritance from the EVOLUTION category by EXP. The
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comments of the experienced teachers indicate that 
inheritance was most often taught in the reproductive or 
genetics unit and besides the traditional introduction 
using pea plants, is focused on human inheritance. This 
is reflected in Table 1 where the concept Inheritance 
can be seen to have a split loading on both the 
REPRODUCTION and CELL GROWTH categories.
The teaching of evolution is still a quite 
controversial topic, especially in the Deep South. This 
was alluded to by two teachers one calling it ’’the great 
debate” (NOV-3) and the other indicating that 
inheritance is "sneaked in” (EXP-5) with the cell growth 
material. Excluding Inheritance from the EVOLUTION 
category could indicate the reluctance of the teachers 
to deal with the controversy directly but rather 
choosing to approach the concept on a cellular and 
genetical basis. Looking at the comments of the other 
groups revealed no specific reasons why Inheritance was 
included with EVOLUTION for them. Only a single comment 
from one biology major stated: ” Inheritance- genetic 
type of changes, leads to evolution sometimes” (MAJ-1).
As will be discussed in more detail later in this 
chapter, the experienced teachers primarily relied on 
traditional biology textbook scope and sequence to 
organize their categories. Examination of the biology
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textbooks used by these teachers revealed that 
inheritance was always included in the genetics chapter.
It is therefore most likely that it is the Influence of 
the curriculum that caused the experienced teachers to 
categorize Inheritance as they did.
REPRODUCTION
Like the EVOLUTION category, the REPRODUCTION
category is very similar among the groups with the
exception of SCI. Inconsistencies among the groups
involve the terms Inheritance, Reproduction, Meiosis and
Mitosis. As discussed above only the teachers included
the concept Inheritance in the REPRODUCTION category.
The comments from experienced and novice teachers
indicate a consistent understanding of Reproduction as a
system, akin to the digestive and circulatory systems.
It is most often singled out from the other systems
simply because of the number of items related to it
resulting from the design of the instrument. There was
a reluctance to do this by a number of the teachers. For
example, a typical comment was—
Well I was just seeing that it doesn’t seem too 
logical to have one group Just for reproduction and 
talking about systems and then have all the other 
systems lumped together. It seems that' if I have a 
different group for reproduction I am putting more 
emphasis on that than some of the other systems.
(EXP-3)
Whereas most of the experienced and novice teachers 
considered Reproduction as a physiological system, there 
is evidence that the other groups also perceive of 
Reproduction as a process. This is revealed by the 
inclusion of the cellular processes of Mitosis and 
Meiosis in the category. It is interesting to note that 
the preservice teachers included only Meiosis (the 
production of sex cells) whereas the majors included 
both. Although as can be seen in Table 3, Mitosis has a 
split loading in CELL GROWTH and REPRODUCTION as well.
Of interest is the term Reproduction itself. All 
of the groups with the exception of the scientists 
included this term in the REPRODUCTION category. For 
the scientists Reproduction is essentially an 
independent item of the eighth factor, REPRODUCTION. 
Similar to the perception of Evolution, the scientists 
saw Reproduction as "a heading for the whole group, not 
a member of it" (SCI-4). Other typical comments 
included:
This term reproduction could be the heading of 
this group and these are all terms having 
something to do with reproduction or passing 
on of genetic information. (SCI-3)
Reproduction being more general. (SCI-6)
It should be noted that there is considerable 
factor loading confusion associated with this factor for
SCI. As can be seen from Table 5 there is weak loading 
of Growth, Tissue Regeneration, and Inheritance 
on REPRODUCTION. This implies the scientists maintain a 
broader understanding of reproduction both as an 
organismal and cellular process. The split loading of 
Metabolism between ENERGY and REPRODUCTION, and Reflex 
Action between REPRODUCTION (mammalian) and 
PHYSIOLOGICAL SYSTEMS is an artifact of the alpha factor 
algorithm. From the item-pair probability matrix, (see 
Appendix B, Table 5) Metabolism had at least a 33% 
chance of pairing with a cellular process, a system, or 
an energy process. It essentially "rode the coattails” 
of cell processes to become associated with 
REPRODUCTION. For most of the scientists Reflex Action 
was either included with PHYSIOLOGICAL SYSTEMS or left 
undecided. Its association with REPRODUCTION is 
decidedly artificial.
PHYSIOLOGICAL SYSTEMS
The F-sort instrument contained the verb 
representation of four of the physiological systems of 
the mammals: digestion, excretion, respiration and 
reproduction, as well as four items which are elements 
of some of the other systems (e.g., reflex action is an 
element of the nervous system). Essentially all of the
subjects interpreted the first four items as the title
of a system (e.g., digestion for digestive system)
rather than as the process. With the exclusion of
REPRODUCTION the category was often referred to as
"systems stuff” .
All groups except PSR readily recognized that a
single human body systems category could be formed and,
with some reservation, acknowledged that the specific
elements of a system could represent the whole system i
their category. The concern, especially among EXP,
involved including system "headings" (e.g., Digestion)
with particular elements of systems (e.g., Blood
Clotting) implying the same level of relevance.
Characteristic comments included:
I like to put this one back under the 
circulatory system but I am going to have to 
decide if these are too specific or not to be
listed. These are much more general kinds of
things and these are more specific kinds of 
things and I am not sure they could all go in 
the same group together. (EXP-2)
I am unhappy with this category because it is 
so inadequate, I would like to have all the 
systems fit. (EXP-1)
Even though they are linked there really is a 
definite- this is more general, this is more 
specific. (EXP-6)
Reflex action would pretty much go under the 
muscular system but you don't have it? (EXP-8)
The PSR were either uncomfortable with that
representation and therefore unwilling to group them or
unable to recognize the representation. As can be seen
in Table 3 this resulted in two categories of
physiological items, one for the systems and the other
for examples of specific elements. Inspection of the
actual F-sorts revealed that these specific elements
were either left as an independent group or combined
with cellular level terms, such as Diffusion or Cell
Transport. The indication is that the concepts were
seen as either organismal or cellular level processes.
As one preservice subject commented:
Cellular function can be sort of a smaller 
subdivision of the bodily functions cause the 
stuff that goes on in the cells is responsible 
for the regulation of body fluids and 
circulation and all that. (PSR-4)
The term Respiration out of any context is 
especially ambivalent. It can refer both to the 
physiological process and to the biochemical process. 
EXP, NOV and MAJ acknowledge this dual reference with a 
nearly equal split loading of this term on both the 
systems category and a category which represents 
biological energetics.
For PSR the decision was most often made to include 
Respiration in the systems category, although the
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transcripts establish their comprehension of both
aspects of the concept.
Respiration goes with photosynthesis (PSR-2)
What’s hard is trying to decide if these are 
at the cellular level or the body level- cause 
some of them could go either way. (PSR-3)
Carbon Cycle would be there- metabolism, 
respiration- but maybe not. <PSR-6>
Looking at it further I think respiration is 
the very general sense could be put- 
respiration under digestion as well because of 
they all involve some involvement with the 
digestion of food and the creation of energy. 
<PSR-5>
It should be noted that for PSR there are two
physiological categories and no energetics category
(recall that the factor analysis was forced to eight
factors)j therefore items that might have been included
in an energetics category, as in the other groups, were
split up into other categories, resulting in Metabolism
being included in the systems category as well.
The indication from the PSR transcripts is that
Metabolism was not seen as a physiological system but as
a link between digestion and respiration or simply as a
whole body process. For example:
Trying to decide whether I want it to put it 
as cellular metabolism or metabolism of' actual 
food products. (PSR-3)
Digestion, metabolism, enzyme reaction, all of 
[unintelligible] result in the continuing 
rather repairment [sic] and consistent 
establishment of the organism. It 
(metabolism) could be placed with either 
respiration or digestion. Looking at it 
further I think respiration in the general 
sense could be put under digestion as well 
cause they all involve some involvement with 
the digestion of food and the creation of 
energy. (PSR-5)
Metabolism goes under bodily functions. (PSR- 
4)
A reflex action is an autonomic nervous system
(involuntary) response to a stimulus. It can also be
described as an inherited behavior. The placement of
this concept by the subjects reflects this duality.
The experienced teachers consistently included it
with the systems whereas it did not load onto any factor
for the novice teachers. Inspection of the F-sorts
revealed Reflex Action was left as "undecided” by all
the novice teachers. The transcripts make very little
mention of the term and are therefore of no help to
interpret this.
Most preservice teachers either included it with
the systems or left it as undecided. Some comments from
the transcripts however exhibit an understanding of the
inherited behavior aspect. For example:
Reflex action in animals they have- if they don’t 
have reflexes they won’t survive. (PSR-3)
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I want to stick reflex action with evolution 
although I don't know why, it sort of fits, it 
sort of doesn’t fit. I start thinking of 
learned behavior and unlearned and psychology 
and everything. (PSR-3)
Reflex action usually occurs under genetic 
variation, evolutionary control, I’ll pick 
evolution accordingly. (PSR-5)
Reflex Action was included in a category with
Symbiosis and Parasitism for MAJ. This would indicate a
stronger commitment to the evolutionary aspect over the
systems aspect, though there was at least a 25%
probability that it would be paired with a systems term
(see Appendix B, Table 4). The association of Reflex
Action with Parasitism and Symbiosis as a separate
category is most likely a consequence of the analysis
rather than an indication of some unique interpretation.
CELL TRANSPORT (Enzyme Reaction)
This is a very consistent category among the 
groups. The inclusion of Enzyme Reaction by EXP is the 
only uniqueness.
Enzyme reactions are the driving force of all th@ 
biological processes and could therefore be logically 
included in a number of the categories. For NOV, MAJ 
and SCI Enzyme Reaction was included in the ENERGY 
category, one that included Metabolism for those groups 
as well. The metabolic pathways are synonymous with the 
enzymes involved, therefore this association is obvious.
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CELL GROWTH and ECOLOGY
These two categories are nearly identical among the 
groups. Symbiosis and Parasitism were paired in an 
ecological category by every group, although, as was 
discussed earlier, these were included in a larger 
category by SCI and included Reflex Action for MAJ.
CELL GROWTH contained decidedly cellular terms, the 
limited variations among groups have been discussed in 
connection with other categories.
PLANTS
EXP, NOV and PSR each have a category defined as 
PLANTS. The three terms most associated with this 
category are Pollination, Photosynthesis and Carbon 
Cycle. The only uniqueness is the exclusion of 
Pollination by the NOV, who put it into REPRODUCTION.
It is not uncommon for biology concepts to be divided 
into "plant stuff" and "animal stuff” , an approach to 
which these three groups attest.
On the other hand, pollination is a process of 
reproduction and photosynthesis is a process of 
energetics. It is to these broader definitions that SCI 
and MAJ attest by the absence of a plant category.
Carbon Cycle, like Respiration, is an ambivalent 
term but not as commonly used. It can refer to the
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cycling of a nutrient in the environment, the definition 
SCI appears to adhere to, or be used in association with 
the dark reaction of photosynthesis, the understanding 
MAJ exhibit.
ENERGY
All of the groups except PSR have an ENERGY 
category. There is moderate consistency among groups in 
this category especially the inclusion of the concept 
Metabolism, which by definition is cellular energetics.
All of the other concepts used for this category have 
been discussed in association with other categories.
Additional Observations from 
the F-sorts and Transcripts 
There were a number of aspects about the F-sorts 
that the particular data reduction techniques used in 
this study could not identify. One of these aspects was 
the tendency of a number of the subjects, particularly 
the teachers, to arrange the concepts on the page in 
somewhat of a concept map formation (see Novak, Gowin, & 
Johansen, 1983). For example EXP-5 arranged the 
concepts chosen for the reproduction category as 
displayed in Figure 1.
61
MEIOSIS TISSUE REGENERATION
OVULATION MENSTRUATION
MATING
FERTILIZATION
CLEAVAGE OF CELLS
GROWTH CELL DIFFERENTIATION
INHERITANCE 
ORGANISMAL VARIATION 
EVOLUTION
Figure 1. Arrangement of concepts during F-sort by EXP- 
5.
One scientist, three novice teachers and three of 
the experienced teachers used some manner of concept 
mapping to display the concepts during the F-sort. None 
of the preservice teachers nor the biology majors did so 
however.
An additional aspect of the F-sorts involved some 
of the subjects’ concern for the order of particular 
concepts within a category. Most often the order of a 
category reflected a natural sequence of events such as 
the development of an individual or cell.
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I created a chronological sequence which would 
result In the production of a new Individual 
of a population. (SCI-4)
E: You* re concerned about the order you are 
putting them in, what are you basing that 
on?
Oh, in development- as the development of the 
cell. (NOV-6)
One of the scientists went so far as to put the 
categories in an order as if it were a course to be 
taught:
Actually if I were to do this course I would 
probably begin- if it were a course I’d begin 
with all the cell functions to begin with. 
(SCI-l)
The novice and experienced teachers were also
involved with ordering the concepts, but their decisions
rested more with how they had sequenced the concepts the
last time they taught the course or how the textbook
sequenced them:
This is really like, guess I’m doing it almost 
like I taught it. Of course the biology class 
I had if you skipped around too much in the 
book and they [unintelligible] but yes I did 
kind of go through we did some things in 
different orders.
E: O.K. you rearranged the order why did you do 
that?
Well because they go more with reproduction 
you see you kind of can have a cross bridge 
here with fertilization, meiosis, mitosis 
usually they do those together. They always 
seem to want to do inheritance separate- the 
books. (NOV-4)
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I’ll organize these in some meaningful way in 
a second
E: You like the groups you made?
No not really.
E: Why not?
Cause this is the situation I'm in right now, 
every year I’ve redone- every year I redo my 
sequence because- so things I try to do 
together and after I teach it I say that 
didn’t work let’s try something different. 
(NOV-3)
If I was planning teaching- organize into how 
I would teach it, O.K. you would have to break 
it down- not just categorize but more along 
the lines of what would be more easily 
understood. (NOV-6)
It can be seen from these statements as well, that 
it is not simply sequencing the concepts in "textbook" 
order, but more with a regard to the most appropriate 
pedagogic order of the concepts. It should also be 
noted that the experienced teachers were concerned with 
the order of the concepts to the same degree as the 
novice teachers, but few of them made any verbal 
statement concerning it.
A final aspect of the F-sorts which was revealed by 
the transcripts is what could be called the framework on 
which the cognitive structures were constructed. As is 
implied by the comments of the novice teachers (examples 
of which were discussed earlier) and more direct 
statements from the experienced teachers, teachers 
categorize the concepts based upon how they have taught
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them or how they might teach them. Without exception
each of the experienced teachers referred to the
concepts in a educational manner. Often, mention of a
concept would be as something "talked about". Other
typical comments included:
Probably the way- the units I teach kind of 
thing is probably where I'd go from. If I am 
going to teach this then I need to teach this 
too. (EXP-2)
I don’t teach migration... (EXP-5)
The first ones I’m pulling out are the main 
areas we talk about in biology (EXP-7)
Of special interest is the one teacher who chose to
exclude certain concepts from categorization because she
did not teach them. One statement in particular was:
I don’t teach migration- its not one of those 
things mentioned in the state guide. (EXP-5)
The other groups whose framework for the cognitive
structure was most obvious was the biology majors (MAJ)
and to a lesser degree the preservice teachers (PSR).
Both these groups indicated by certain comments that
they often recalled a recent course they had taken to
make the categorical decisions about the concepts.
I can look at these from a serological 
standpoint.
Its not metabolism, its not a membrane 
transport- its histological. (MAJ-5)
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I just recently had embryology so I’ll 
probably- certain things grouped under 
that.
I'm trying to think back to zoology. (MAJ-7)
I Just got finished studying all that stuff.
(PSR-4)
I’m thinking botany- I just had this 
evolution. <PSR-2>
I'm looking at enzyme reaction trying to 
decide if I like where he is, that’s the one 
thing I learned in biochem that enzymes do a 
lot more than we think they do. (PSR-3)
Multidimensional Scaling 
The intei— factor correlation matrixes of the five 
groups (see Appendix B Tables 6-10) were analyzed using 
the individual differences model of ALSCAL multi­
dimensional scaling (MDS). This analysis generates a 
"map” of the latent categories (factors) such that two 
categories which are highly correlated will lie close 
together and conversely, uncorrelated categories will be 
farther apart. Only the eight categories discussed 
earlier were used in the analysis; therefore if a group 
did not have that category it was listed as missing data 
(e.g., MAJ did-not have a PLANT category).
The objective of MDS is to maximize the goodness of 
fit of the solution space in the fewest possible 
dimensions. Using Young’s SSTRESS formula one (see 
Davison, 1983, p. 88) iterations stop when there is less
than a 0.001 Improvement (I.e., reduction In SSTRESS).
A two dimensional solution was determined to be 
acceptable. The distribution of the categories is 
displayed in Figure 2 and the plot coordinates in Table 
6. With the individual differences model the dimensions 
are rotation-free and should be interpretable (Davisojn, 
1983, p.131).
The clustering of the categories in Figure 2 
suggests the subjects based their sortings on five major 
topics: Growth and Reproduction, Physiological Systems 
including Metabolism, Cell Transport, Plants, and 
Evolution/Ecology. Interpretation of these dimensions' 
characteristics is based upon the individual group’s 
categorizations as discussed in Chapter III. From this 
discussion it appears that dimension 1 (horizontal) 
reflects a community-to-organismal characteristic (left 
to right) and dimension 2 (vertical) a biochemical-to- 
cellular characteristic (top to bottom).
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Figure 2. Multidimensional representation of all groups 
differences using the Individual Differences model of 
ALSCAL.
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Table 6
Multidimensional Scale Coordinates for the Latent Categories 
Individual Differences Model (All Groups)
Dimension
Latent ----------------------
Catgory 1 2
Evolution -1. 45 -0. 82
Reproduct ion 0. 73 -1.27
Cell Transport 0. 44 1. 33
Cell Growth 0. 47 -1. 31
Systems 0. 87 0.78
Ecology -1. 68 -0. 26
Energetics 1. 07 0.38
Plants -0. 45 1. 17
Two concerns of thl6 interpretation involve 
PHYSIOLOGICAL SYSTEMS and PLANTS. Although 
PHYSIOLOGICAL SYSTEMS can be a topic involving the whole 
organism it should be recalled that a number of the 
subjects expressed an understanding of the basic role of 
the cell in these processes. The association of the 
subcellular processes (e.g., Osmosis and Diffusion) with
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the systems in sortings of many of the subjects would 
exert its influence upon the mapping and explain why 
this category falls nearer the Biochemical end than the 
Cellular end (see Appendix B, Table 6).
The proximity of Plants to the Biochemical end of 
the dimension is explained by the sorting of 
Photosynthesis in this category. Its position towards 
ECOLOGY/EVOLUTION is due to the inclusion of Carbon 
Cycle by some of the subjects. Recall that one 
definition of this term is the cycling of the nutrient 
in the environment.
A weight is given to each of the two dimensions for 
each of the sorter grotips when using the individual 
differences model of ALSCAL; these weights are presented 
in Table 7. The weights indicate how influential 
(salient) that dimension is to the decision of the group 
about the similarity of an item-pair.
The results of Table 7 indicate that MAJ and NOV 
use the two dimensions almost equally. However, SCI and 
EXP are slightly more influenced by dimension 1 and PSR 
are highly influenced by dimension 1. That is, given a 
particular concept a preservice teacher would most 
likely determine the categorization of that concept 
based only on the community-to-organismal biological 
hierarchy, whereas a novice teacher would consider both
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the community-to-organismal aspect and the biochemical- 
to-cellular aspect.
Table 7
Group Weights for Multidimensional Scaling
Sorter sample w. w2 w, : w*
Scientists 0.54 0. 40 0. 74
Majors 0.51 0.50 0. 98
Preservice 0. 69 0. 32 0. 46
Novice 0.62 0. 68 0. 91
Experienced 0. 71 0. 47 0. 66
Cognitive Distance 
As described In Chapter III the index of cognitive 
distance Is a quantitative method of comparing the
f
factor loading patterns of the different groups. 
Cognitive distance is the total number of corresponding 
cells between two incidence matrices (two different 
groups) which are scored differently, divided by k(k-l) 
(Gorodetsky & Hoz, 1985). This index ranges from 0 
indicating identical categorical structures, to 1
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indicating a maximum difference between structures. The 
number of item-pair differences between groups can be 
found in Table 8 and the calculation of cognitive 
distance in Table 9. A linear ranking of the cognitive 
distance data, from most dissimilar to most similar is 
shown in Table 10.
Table 8
Total Item—Fair Differences Between Groups
SCI MAJ PSR NOV EXP
Scientists
Maj ors 80
Preservice 74 66
Novice 80 51 62
Experienced 92 51 72 66
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Table 9
Group Cognitive Distance Index
SCI MAJ PSR NOV EXP
Scientists - - - ' - -
Maj ors . 060 - - - -
Preservice . 056 . 050 - - -
Novice . 060 . 038 . 047 - -
Experienced . 069 . 038 . 054 . 050 -
Table 10
from Most Dissimmilar to Most Similar
1. SCI-EXP 6. EXP-NOV
2. SCI-NOV 7. PSR-MAJ
3. SC I-MAJ 8. PSR-NOV
4. SCI-PSR 9. MAJ-NOV
5. EXP-PSR 10. MAJ-EXP
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Using these data to compare EXP to the other groups 
one can see that SCI is at the greatest distance 
followed by PSR, NOV. EXP is most similar to MAJ.
Likewise comparing SCI to the other groups, MAJ is seen 
to be the farthest followed by EXP, PSR and NOV being 
the closest. As defined by the cognitive distance 
index, the cognitive structure of the experienced 
teachers was most like that of the biology majors and 
least like that of the scientists. Likewise, the 
scientists' cognitive structure was most like the novice 
teachers and least like the biology majors. Also from 
Table 10 can be seen that the two most similar cognitive 
structures were those of the biology majors and the 
novice teachers.
Most of the differences between groups involved the 
EVOLUTION category. The CELL GROWTH category was the 
major difference between SCI-MAJ, NOV-MAJ, and PSR-MAJ . 
PHYSIOLOGICAL SYSTEMS contributed the most differences 
between EXP-MAJ.
Multidimensional scaling of cognitive distance 
allowed an additional Interpretation of the similarities 
and differences among groups. Based on a 0.001 
resuction of SSTRESS, as discussed with the Individual 
Differences Model, two dimensions proved to be an 
adequate solution, A graphic representation of these
data can be seen in Figure 3. Information provided by 
the F-eorts and the think-aloud transcripts was used to 
identify the dimensions of this scaling.
The data reveal that the groups are separated on 
the vertical axis by the deep versus surface structure 
dimension observed in other expert/novice research.
This indicates, for example, that SCI and EXP have 
rather well organized hierarchically arranged cognitive 
structures as compared to the rather unstructured, 
loosely organized cognitive structure of PSR.
The horizontal dimension can be interpreted as a 
continuum describing the cognitive structure as either 
fixed or fluid. The implication of this interpretation 
is that this dimension gives a measure of the degree of 
cross-linking between the parts of the cognitive 
structure. That is, both EXP and SCI were found to have 
well constructed and ordered cognitive structures, but 
SCI were much more likely to see an item having a place 
in two or more categories, whereas EXP tended to focus 
on only one aspect of an item.
The implication from these data is that as a 
teacher matures from preservice to novice their 
cognitive structure becomes more ordered <deep). As 
they mature they move from more fluidity of thought to 
more fixed. The evidence for this interpretation comes
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Figure 3. Multidimensional representation of 
cognitive distance among groups. EXP=experienced, 
SCI= scientists, NOV=novices, MAJ=majors, 
PSR=preservice.
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from the comments presented earlier from the novice 
teachers about how they are often re-working a course, 
as opposed to the experienced teacher who relies heavily 
on the textbook to determine content structure as well 
as their own cognitive structure.
F-sorts of Effective/Less Effective and 
Confident/Less Confident Subgroups 
As described in Chapter III two subgroups were 
formed from the primary groups. The experienced, 
novice, and preservice teachers groups were used to 
establish a confident/less confident (CON/LCON) group.
The experienced and novice teachers were used to 
establish an effective/less effective (EFF/LEFF) group.
Confident/Less Confident
An ordinal level of confidence was established by 
the administration of an instrument designed for this
study (see Appendix A). Subjects were asked to Indicate
(
on a Likert-type scale how confident they were in their 
ability to teach each of the 37 concepts used in the F- 
sort. The results of the individual groups is listed in 
Table 11.
The top 12 scores were included in the confident
group and the bottom 11 in the less confident group. 
Mean scores for these sub-groups are found in Table 12.
Table 11
Mean Confidence Scores of Primary Groups
Group n Mean Score
EXP 10 120. 3
NOV 7 118. 0
PSR 6 117. 5
Note. EXP=experienced, NOV=novice, PSR=preservice
In the same manner as the primary groups, alpha 
factor analysis was performed on the F-sorts of CON and 
LCON, the results are found in Tables 13 and 14. The 
factor loadings reveal only minor differences in the 
factor patterns between the groups. Of limited 
significance is the inclusion of Pollination into 
REPRODUCTION by CON and not by LCON and the fact that 
Enzyme Reaction did not load at all for LCON. The 
individual differences multidimensional scaling 
procedure revealed a bit more information.
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Table 12
Mean Confidence Scores of Subgroups
Group n Mean
CON 12 129. 0
LCON 11 108. 6
Note. Means are significantly different <p< .01). 
C0N=confident group, LCON=less confident group.
As can be seen in Figure 4, the categories are 
distributed somewhat differently as compared to the 
initial five-group MDS (plot coordinates are found in 
Table 15). Whereas in the five-group MDS, the vertical 
dimension was described as biochemical-to-cellular, the 
characteristic of this same dimension for CON/LCON seems 
one of animals-to-plants due to the reverse placement of 
the PLANTS and CELL GROWTH/REPRODUCTION categories. The 
horizontal dimension of both MDS’s remain the same.
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T a b l e  13
R o t a t a d  F a c t o r  L o a d i n g *  for C o n f i d a n t  T a a c h a r a  (COM)
Catagory Label Stiaulu* 1 2 3 4 5 6 7 0
Evolution 8ucc#aaion of a p o d a * 1 .01 3 -.034 -.007 0.009 -.050 - .031 -.093 0. 026
Evolution 0.308 0.016 0 . 0 0 0 0.012 -.002 0.027 -.066 -.048
Natural Selection 0.988 -.016 0 . 0 0 0 0.012 ••.002 0.027 -.066 -.048
Organlaaal variation 0.922 -.062 -.013 0.039 0.055 -.018 -.068 -.013
Organlaaal coapatltion 0.777 0 . 006 -.003 0 . 0 0 1 0.033 -.029 0.088 0.032
Migration 0.739 0.083 0.034 - . 097 -.063 0.034 0.292 - .01 1
Envlronaantal adaptation 0.735 0.052 0.016 -.082 -.008 -.033 0. 185 0. 133
Inhar1tanca 0.462 0.057 -.003 0.462 -.069 0.078 -.094 -.060
Reproduction Ovulation •.042 0.978 -.006 -.058 0.032 0 . 031 -.035 -.017
Hanatruatlon -.030 0.943 -.019 0.009 0.030 0.049 -.046 -.034
Farti1ization •.029 0.930 -.018 0.008 0.041 0. 029 -.046 -.019
fiaproduc n o n •.009 0.826 -.022 0.066 0. 1 38 -.138 -.012 0. V67
hating 0.265 0.667 0.052 0.050 -.205 -.018 0. 130 -.020
Pol 1lnation -.012 0.663 -.009 0. 146 -.078 -.021 0.006 0. 1 40
Cal 1 Oaaoal* 0.002 -.002 1 .004 0.005 0.057 -.060 -.005 -.004
Tranaport Diffuaion 0.001 -.009 0.968 0.014 0.068 -.047 -.003 -.007
Call tranaport 0.007 -.01 1 0.873 -.004 -.068 0. 186 -.006 -.032
Actlvo tranaport 0.006 0.010 0.859 -.042 -.013 0.012 -.022 -.094
Cal 1 Mitoaia -.085 0.060 0.079 0.866 -.090 0.003 0.075 -.063
Growth Cleavage of call* -.061 0.234 0.065 0.741 -.001 -.036 0.019 -.030
Call differantiation 0.111 0.086 -.048 0.731 0.218 -.071 -.069 0.012
Tlaaua ragonaration -.003 -.134 -.078 0.695 0. 120 -.051 0.056 0. 104
heioala -.058 0.269 0.021 0. 607 0.007 -.023 0.023 -.034
Growth -.039 -.045 -.021 0.678 -. 115 0.374 0.037 -.022
Phyaiological Blood clotting -.001 -.081 -.027 0. 120 0.946 -.131 0.006 O. 070
Syataaa Blood circulation -.005 0 . 0 0 0 0.043 0.004 0.821 0.054 0.035 -.044
Exc ration 0 . 0 0 0 0.119 0.086 -.110 0.639 0.314 0.029 -.111
Regulation of body fluid* 0.001 0.038 0.309 -.077 0.61 5 0.017 0.030 -.065
Reflex action 0.070 -.010 -.120 0. 128 0.426 0.041 -.068 0.085
Energy hotabolla* 0.008 -.066 0.118 0.017 0.012 0.891 0.006 -.014
Oigoatlon - .002 0.064 -.214 -.064 0.448 0.690 0.017 -.008
Raapiratlon -.009 0.020 0.016 0.029 0. 163 0.634 -.014 0.210
Enxyaa reaction 0.001 -.108 0.31 1 0.123 0.088 0.388 -.008 0.078
Ec o 1ogy Syabioaia 0.032 -.034 -.025 0.051 0.046 -.023 0.996 0.035
Paraaitlaa 0.092 -.025 -.013 0. 060 -.003 0.033 0.761 -.064
PI ante Photoaynthoaia -.024 0.008 0.091 0.056 -.083 0. 124 -.087 0. 871
Carbon cycle 0.048 0.069 -.023 -.070 0.062 0.018 0.071 0.789
Not#, F a c t o r  l o a d i n g *  g r a a t a r  thaft 0 . 3 6 0  a r a  c o n a i d a r a d  a t g n i f l c a n t
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Tabla 14 
Rotated Factor
Catagory Labal
Loadlnga for Laaa Confidant 
8tlaulua
Teachers
1
(LCON > 
2 3 4 6 6 7 e
Evolution Natural aalactlon 0.964 -.042 0 . 000 0.000 -.024 0.014 -.114 0.022
Evolution 0. 998 0.040 -.014 0.000 0.035 - . 008 -.114 -.020
Organlaaal variation 0.071 0.027 -.020 -.001 0.043 -.003 -.109 -.016
Environaanta1 adaptation 0.049 -.046 0.001 -.008 -.016 0.020 0.117 -.001
Succession of apaclaa 0.822 -.066 -.008 -.009 -.013 0.039 0.040 0.01 1
Hlgratlon 0.668 0.003 0.019 0.024 -.024 -.019 0. 1710 -.032
Organlaaal coapatltlon 0.661 -.020 0.006 0 . 023 -.019 -.014 0.203 0.039
Inheritance 0. 549 0. 442 0.027 0.022 -.017 -.036 -.070 0.005
Reproduction Ovulation -.036 0.829 0.041 0.031 -.046 - .028 -.021 O. 028
Menstruation -.047 0.027 0.037 0.046 -.030 - . 036 -.036 0 . 030
Fertilization -.046 0.779 -.026 -.128 0.086 0. 112 0.009 - .012
Reproduction -.066 0.647 -.033 0.089 0.007 0. 164 0.021 - .00!
nacing 0 .208 0.619 - . 007 -.068 0 . 108 -.111 0.029 -.055
Call 01f fuelon 0.000 0.007 0.882 -.023 -.003 0.060 0.000 -.017
Tranapor t Oeaoala 0.000 0.007 0.882 -.023 -.000 0.000 0.000 O. 000
Active transport 0.001 0.022 0.046 0.024 -.016 -.018 -.016 -.047
Cell transport -.013 0.016 0.790 0.110 0.018 -.043 0.022 -.069
Physiological Blood clotting 0.006 -.010 0.072 0.862 0.006 -.135 -.032 0. 032
Systeas Blood circulation 0.009 -.049 -.070 0.795 0.067 0 .078 -.024 0.027
Regulation of body fluids 0.006 -.003 0,114 0.706 0.016 0.009 -.024 0. 009
Reflex action 0.005 0.006 -.018 0 . 690 0.042 -.016 0.073 - . 007
Call Cleavage of cells -.010 0.083 -.026 0.001 0.768 -.086 0.01 1 -. 005
Rrovth Cell differentiation 0.004 -.019 -.01 1 -.039 0.748 0.023 o.oos -.030
Nlton1s -.041 -.007 0. 163 -.031 0.663 0.002 0.037 -.009
Heloeis -.012 0. 136 0.066 -.052 0.639 -.030 0.011 0.000
Tleeue regeneration 0.017 - . 094 -.060 0.226 0.629 -.010 -.026 0.000
Grovth o.ooe 0.110 -.131 0.066 0.421 0.244 -.010 -.024
Energy Metabolise 0.016 0.003 0.118 -.153 0.027 -01613 0.010 0. 000
Excretion 0.006 0.092 -.029 0.319 -.067 0.667 0.018 -.106
Digestion -.006 0. 092 - . 031 0.33S -.066 0.663 0.019 -. 106
Respiration -.009 -.009 -.009 0. 176 - . 042 0 .463 0.030 0.230
Ecology 9yebiosla ' 0.036 0.002 0.003 0.004 0.009 -.003 0.967 -.009
Peresitlsa 0.049 -.009 0.000 -.003 0.016 0.017 0.824 0.023
PIanta Photosynthesis -.064 -.010 -.020 0.024 0.007 0.041 -.030 0. 854
Pol1Ination -.073 0.216 -.037 0.036 -.050 -.082 0.096 0.648
Carbon cycle 0.203 -.064 0.027 - .034 -.029 0. 103 -.032 0.468
N ot*. F a c t o r  l o a d i n g s  g r e a t e r  t h a n  0 . 3 6 0  a ra c o n s i d e r e d  s i g n i f i c a n t .
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Figure 4. Multidimensional representation of group 
differences, confident/less confident.
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Table 15
Multidimensional Scale Coordinates for the Latent 
Categories of Confident/Less Confident Group
Dimension
Latent ---------------
Catgory 1
Evolution -1. 47 1 o -3
Reproduct ion -0.21 1. 24
Cell Transport 0. 78 1. 12
Cell Growth -0. 32 1. 31
Systems 1. 33 -0. 63
Ecology -1. 37 -0. 94
Energetics 1. 20 -0. 25
Plants 0. 05 -1. 38
As can be seen from Table 16 the individual weights 
established for each group indicate that the confident 
teachers were more likely to use the first dimension 
over the second dimension, whereas the less confident 
teachers tended to use the dimensions equally. That is, 
given a particular concept the confident teachers would 
most likely determine the categorization of that concept
83
based mainly on the community-to-organismal biological 
hierarchy, whereas the less confident teachers would 
consider both the community-to-organismal aspect and the 
plant-to-animal aspect.
Table 16
Sorter Sample Weights for Multidimensional Scales 
Confident/Less Confident 
Effective/Less Effective
Sorter sample Wi ws w, : w2
Confident 0. 64 0. 48 0. 75
Less Confident 0.61 0. 56 0. 92
Effective 0. 53 0. 58 0. 90
Less Effective 0. 71 0. 42 0. 59
Effective/Less Effective
As described in Chapter III, the professional
judgement of a number of science educators was used to
rank order the effectiveness of the 17 experienced and 
novice teachers. The top 8 were included into the 
effective group (EFF) and the remainder into the less
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effective group (LEFF). Six of the experienced teachers 
and two of the novice teachers were included into the 
effective group.
Once again the factor loading pattern of the items 
revealed only minor differences between the groups <see 
Table 17-18). LEFF included Inheritance with EVOLUTION 
whereas EFF was found to had a split loading of 
Inheritance on REPRODUCTION and CELL GROWTH.
Additionally, Growth and Meiosis did not load for LEFF 
and Carbon Cycle for EFF.
MDS analysis shows a significant amount of 
reshuffling of the categories as compared to the five- 
group MDS (see Figure 5 & Table 19). Of particular note 
is the disassociation of SYSTEMS from ENERGETICS and its 
closer association with CELL GROWTH/REPRODUCTION. This 
implies that as a group, the teachers have an organismal 
or anatomical understanding of the systems. This is 
supported by some of the comments of the teachers 
discussed earlier which Indicate a strong systems 
approach to the teaching of human biology (e.g., 
circulatory system unit or nervous system unit). The 
other groups focused more on the biochemical function of 
the physiological systems. The characteristics of the 
dimensions are best described as there were for CON/LCON
i.e., the verticle dimension as animals-to-plants and
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T a b l e  17
R o t a t e d  F a c t o r  L o a d i n g *  for E f f o c t l v o  T e a c h e r s  (EFF)
Catagory Labal Stieulus 1 2  3 4 6 6 7
Evolution Natural Selection 1 .007 -.032 -.069 0.012 -.035 -.110 -.014 -. 004
8ucca*sion of apocia* 0. 960 0.062 -.058 0.010 - . 036 -.075 -.006 -.009
Organisaal variation 0.930 -.011 0.022 - . 053 0. 106 -.096 -.081 0.031
Evolution 0 .077 -.023 0.067 -.044 0.066 - . 063 -.076 0. 032
Environaantal adaptation 0 . 766 0.023 -.010 0.057 -.068 0.239 0 .087 -.056
Organ1aaal coapatltlon 0.644 0.012 0.012 0.064 - . 076 0.214 0. 100 -.050
fllgration 0.622 0.007 0 . 004 0.015 - . 034 0 . 350 0.024 -.009
Physiological Blood circulation 0.016 0.927 -.042 0. 045 0.010 0.002 -.051 -.056
6y*taa* Blood clotting 0.021 0 . 920 -.066 - . 070 0.046 0.000 - .043 0. 058
Excretion 0.030 0.904 0. 027 -.076 -.008 -.009 -.004 0.094
Olgaatlon >.001 0.699 0 . 034 -.076 -.008 0.012 -.001 0.096
Reflax action 0 .003 0.744 0.026 -.053 0.022 0 . 006 -.039 0.060
neap irati on 0. 004 0.667 0. Ill v . i i i - .i t 1 - , « u U.ill -.lie
Ragulation of body fluid* 0 . 003 0.670 -.023 0. 149 0.012 0 . 007 -.067 0.313
Reproduction Far 111ization -.075 -.044 0.985 0 . 033 - . 034 0.019 0.006 0.013
Ovulation -.010 0.024 0.967 0.016 -.066 -.046 0.007 0.001
f1an*truation -.039 0.04S 0.939 -.001 0.065 -.026 -.002 - .038
Raproduc tion -.116 0.204 0.808 0.024 -.069 0.061 0.027 0.026
Hating 0.376 -.201 0.691 -.029 0.057 0.024 -.016 0.056
Xnharltanc* 0. 130 -.047 0. 636 -.138 0.400 -.053 0.006 0. 129
Cal 1 0*ao*l* 0.014 -.024 0.011 0.976 0.002 -.026 -.010 0. 076
Transport 01 f fusion 0.014 -.024 0.001 0.976 0.002 -.026 -.010 O. 076
Active transport 0.012 -.052 O. 023 O. 972 0.000 -.026 -.006 0.096
Cal1 transport -.015 0.013 - . 033 0.669 0.076 0.010 -.071 -.002
Cal 1 Tlasua Raganaratlon 0.037 0.027 -.187 -.030 0.910 -.020 0.182 -.012
Orovth HitOSlS -. 103 -.101 -.067 0.200 0.762 0.106 -.032 0. 143
Claavaga of call* 0.000 0. 100 0. 146 0.066 0.633 -.006 -.036 -.400
Call diffarantiation 0.000 0. 100 0. 148 0.065 0.696 -.006 -.036 -.400
•rovth 0.006 0.067 0.066 -.110 0.666 -.006 0.027 0. 185
Naiosi* -.041 -. 174 0.204 0.044 0.691 0.046 0.010 0. 149
Ecology Byabloal* 0.066 -.004 0.012 -.029 0.031 0 . 979 -.015 0.014
Parasitise 0.119 0.006 -.023 -.063 0.066 0.736 -.066 0.029
PI ant* Photosynthesis -.006 -.008 0.01 1 0.01 1 0.016 -.049 0.666 0. 065
Pol 1i nati on -.037 -.039 0.062 -.131 0. 197 -.007 0.639 0.014
Enargy HatabolIsa •». A4S 0.269 0.062 0. 196 0.099 0.036 0.008 0.000
Enxyse reaction 0.026 0. 102 -.017 0.396 0.027 -.016 0.071 0.000
N o t * .  F a c t o r  l o a d i n g *  g r a a t a r  t h a n  0 . 3 6 0  ara c o m l d t r a d  a l g n l f l c a n t .
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Table 10 
Rotated Factor
Category Label
Reproduc tion
Evolut1 on
Cel 1
Transport
Physiological
Systems
Energy
Cel 1 
Srowth
Ecology
Plants
L o a d i n g s  for L e s s  E f f e c t i v e  T e a c h e r s  (LEFF)
Stieulus 1 2 3 4 S 0 7 6
Ovulation 
Menstruation 
Fartl1ixation 
Pol 1lnatlon 
Mat1ng 
Reproduc tl on 
Melosls
Succession of species 
Evolution 
Natural Selection 
Organlaaal variation 
Envlronaental adaptation 
Orgenisael coapelition 
Migration 
Inheritance
01f fusion 
Ossosls
Cel 1 transport 
Active transport
Blood circulation 
Blood c lotting 
Regulation of body fluids 
Esc retlon
Metabo11se 
Resplration 
Olgestlon 
Enxyee reaction
Mitosis
Tissue regeneration 
Cleavage of cells 
Cell differentiation
8ysbiosis 
Paraalties
Photosynthesis 
Carbon cycle
0. 652 -.033 -.01 1 -.019
0.852 -.033 -.01 1 -.019
0.026 -.014 -.004 -.044
0.730 -.010 -.006 -.046
0.697 0.092 -.010 0.033
0.694 -.021 -.043 0.092
0.401 -.003 0.076 - . 404
-.018 1 .01 1 -.004 0.003
-.014 0.972 -.004 0.002
-.014 0.972 -.004 0 002
-.010 0.927 -.003 0.002
-.012 0.002 0.000 -.001
0.000 0.058 -.001 0.004
-.013 0.786 0.000 0. 001
0.361 0.613 -.001 -.003
-.026 -.004 0.929 -.046
-.026 -.004 0.929 -.046
-.032 -.003 0.754 0.223
0.050 -.005 0.748 0.029
0.001 0.010 -.006 0. 709
-.105 0.000 -.007 0.639
0.047 0.007 0.269 0. 635
0. 100 0.004 0. 136 0.640
- . 060 -.002 0.077 -.104
0. 040 0.003 -.076 0.204
0.018 0.002 -.163 0.452
-.036 -.001 0.264 0.010
0.296 -.029 0.001 0.033
-.047 -.042 -.100 0. 133
0.420 -.006 0.062 -.026
0.171 0.089 0. 117 -.108
0.009 0.009 0.007 -.006
0.009 0.009 0.007 -.006
0.041 0.008 0.038 -.012
0.013 0.01 4 0.046 0.014
0.013 -. lOl -.001 0. 018
0.013 - . lOl -.001 0.018
0.041 -.046 -.010 0.004
0.046 0.028 -.018 0. 043
-.112 0.019 0.110 0.038
-05800 0.057 -.016 -.018
- . 023 0 . 392 -.030 - .052
0. 005 - . 006 - . 066 -.014
0.004 -.006 -.061 -.011
0.004 0 . 006 -.061 -.011
0.004 - .006 - .044 -.016
-.01 1 -.001 -.029 0.097
-.051 - . 005 0.120 - . 007
0.005 0.004 0.234 - . 007
-.031 0.016 -.017 -.012
0.067 0.006 0. 003 -.064
0.067 0.006 0.003 -.064
- . 031 0. 031 0.005 0.003
-.077 -.106 0.002 0.234
0.032 0.016 - .009 -.053
-.126 0 . 1 80 0.009 0.115
-.064 - . 060 -.013 - . 053
0.230 -.112 -.011 -. 105
0.846 0.036 0.010 0. 02)
0.580 -.027 - .006 0.039
0.481 0.007 0.000 0.006
0.367 0.067 0.016 0. 129
-.037 0.586 0.009 -. 001
-.012 0.535 0.031 0.003
-.020 0.474 - .024 -.045
0. 140 0.469 -.022 -.072
0.010 0.007 0.916 -.009
0.010 0.007 0.916 - . 009
-.002 0. 032 -.01 1 0. 836
0.017 0.007 -.009 0.766
N o t e .  F a c t o r  l o a d i n g s  g r e a t e r  th a n  0 . 3 5 0  a r e  c o n s i d e r e d  s i g n i f i c a n t .
the horizontal dimension as organismal-to-community. 
Table 19
Multidimensional Scale Coordinates for the Latent 
Categories of Effective/Less Effective Group
Dimension
Latent -----------------
Catgory 1 2
Evolution 1. 65 1 o o oo
Reproduct ion -0. 07 -1. 38
Cell Transport -1. 10 0.54
Cell Growth -0. 28 -1. 25
Systems -0. 86 -0. 87
Ecology 1. 58 0. 75
Energetics -0. 81 0. 79
Plants -0. 36 1.51
An additional characteristic of the MDS is a major 
grouping including PLANTS, ENERGETICS and CELL 
TRANSPORT. Once again, the teachers* strong "textbook 
unit" thinking pattern may be evidenced here. The 
indication is that even though pollination is
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reproduction and photosynthesis is energetics they are 
topics which are taught in the plant unit, and therefore 
remain separate.
Despite the different locations of the categories, 
the dimensions of the EFF/LEFF MDS appear similar to 
CON/LCON MDS, only reversed. As can be seen from Table 
16 the effective teachers were more likely to use both 
dimensions to make a decision about an item, whereas the 
less effective teachers relied primarily on a 
plant/animal distinction.
An unanticipated result from the effectiveness and 
confidence data was the disclosure of an inverse 
relationship between confidence and effectiveness. As 
can be seen in Table 20 it is more likely that teachers 
observed to be more effective considered themselves less 
confident, and conversely the less effective teachers 
more confident.
21.5 -
PLANTS
□
ENER6ETICS 
□
.5 CELL TRANSPORT
o  - ---------------------------------------------
- . 5  -
PHYSIOLOGICAL
SYSTEMS
□
- 1.5
EC0L06Y
□
□
evolution
CELL BROWTH
D
I
□  REPRODUCTION
-1.5 - 1 -.5 .5 1.5
Figure 5. Multidimensional representation of group 
differences, Effective/Less Effective.
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Table 20
Bffectiveneee versus Confidence Group Membership
EFF LEFF
CON 3 7
LCON 5 2
Note. EFF=effective, LEFF=less effective, CON=confident, 
LCON=less confident. Number represents total number of 
subjects in each category. (X22 = 2.83, p > .05)
As discussed in Chapter I, the overall goal of this 
study is to determine if the content knowledge cognitive 
structure is different in the minds of teachers than it 
is in the minds of scientists, when considering the same 
content. The answer to this question was approached 
more precisely by looking at the following research 
questions:
1. In what manner does the cognitive structure of 
secondary science teachers differ from the 
cognitive structure of scientists as both are 
involved in the biological sciences ?
SUMMARY
2. In what manner does the cognitive structure of
secondary science teachers differ from the 
cognitive structure of advanced undergraduate 
biology students?
3. In what manner does the cognitive structure of
secondary science teachers differ among teachers of 
varying amounts of teaching experience?
4. In what manner does the cognitive structure of
secondary science teachers differ among teachers 
with varying degrees of teaching confidence and 
effectiveness?
The investigation of these questions was conducted 
using F-sorts of biology concepts, interpreted by 
multidimensional scaling (MDS), think-aloud transcripts 
of the F-sort sessions and a cognitive distance index.
The cognitive distance and MDS data indicate that 
the biology majors and experienced teachers are 
different from the scientists by a dimension based on a 
deep versus surface structure understanding of the 
concepts, the scientists having categories more finely 
tuned to precise meanings than the other groups. The 
second dimension of the cognitive distance map reflects 
the degree of cross-linking within the cognitive 
structure. The indication of this is the scientists* 
and novices' ability and nature of fluid thought about
these concepts. That is, they were not fixed on only 
one classification scheme but were able to see the 
inter— relationships of the concepts and categories.
The most compelling result from this study is the 
evidence indicating the degree to which teachers 
restructure their thinking as they become more 
experienced. What is of particular interest is the 
apparent transition from poorly organized to highly 
organized cognitive structures when comparing the 
preservice teachers, novice teachers and experienced 
teachers respectively. Although, this transition seems 
not to be one of achieving a deeper understanding of the 
biology concepts or a greater degree of integration of 
the concepts, rather it looks to be a transition from a 
fairly large although loosely organized pool of biology 
concepts to one which is highly structured but limited 
to the expectations of the established curriculum.
The confidence and effectiveness data revealed the 
surprising result that the effective teachers were more 
likely to report themselves as less confident teaching 
the biology concepts included in this study, than the 
teachers ranked as less effective.
The MDS data revealed the same dimensions for both 
analyses (effectiveness and confidence). Dimension 1 
was a community-to-organismal characteristic and
dimension 2 a plant/animal distinction. The most 
significant result was the fact that the effective 
teachers tended to use both dimensions in making a 
categorical decision, whereas the less effective 
teachers tended to use only one dimension.
Further interpretation and the implications of 
these results will be discussed in Chapter V.
CHAPTER V
SUMMARY AND DISCUSSION
The principal goal of this study was to determine 
if the content knowledge cognitive structure is 
different in the minds of teachers than it is in the 
minds of scientists, when considering the same content. 
This study also sought evidence indicating that a 
transition of cognitive structure occurs as a teacher 
matures. Lastly, the study sought to determine the 
effects teacher content knowledge confidence and teacher 
effectiveness might have on cognitive structure. The 
investigation of these questions was conducted using a 
sorting task of biology concepts by five different 
groups:
1. experienced secondary biology teachers
2. novice secondary biology teachers
3. preservice secondary teachers with emphasis in
biology
4. senior biology college majors
5. scientists in the field of biology
The sorting data were quantitatively interpreted 
using latent partition analysis, multidimensional 
scaling <MDS> and a cognitive distance index. The data 
were qualitatively interpreted using transcripts of the
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sorting task sessions where subjects were asked to 
"think-aloud” as they sorted the biology concepts.
This chapter will summarize the conclusions drawn from 
the data, consider implications of the results for 
teacher education and conclude with suggestions for 
further research.
Summary of Results
F-sorts
Many interesting and unique differences and 
similarities were found among the groups, too many and 
varied to be accurately summarized. However, two 
patterns of thought were revealed by the groups.
Without question, the novice and experienced teachers 
made the sorting decisions based upon how they organize 
the concepts when they teach them. Whereas, the 
categories of the biology majors and preservice teachers 
reflected the organization of courses they had taken.
The implication of this is that the teachers, whether 
novice or experienced, took an active role in the 
shaping of their cognitive structure. The other groups, 
however, could be seen as passive organizers, primarily 
influenced by the structure of their coursework.
The scientists as a group had no such recognizable 
pattern. Some of them did refer to teaching, but not
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nearly to the degree as the teachers. Another way of 
looking at this Is to remember that by definition, the 
group cognitive structure of the scientists Is the 
structure of the discipline. Therefore, it is the 
standard to which the other groups are compared.
Multidimensional Scaling (MDS)
The results of the MDS analysis revealed that, as a 
whole, the subjects grouped the concepts into five major 
topics: Growth and Reproduction, Physiological Systems 
including metabolism, Cell Transport, Plants, and 
Evolution/Ecology. These topics varied on two 
dimensions, community/organismal and 
biochemical/cellular. The significance of these 
dimensions comes from the weights given to each group 
which indicate the salience of each dimension to that 
group when making decisions about the categories. The 
majors and novices were found to use both dimensions 
equally, the scientists had a slight Imbalance for the 
community/organismal dimension. Of note is the 
preservice teachers uneven consideration of the 
community/organismal dimension over the 
biochemical/cellular dimension. This implies that the 
preservice teachers had a shallower cognitive structure 
as compared to the other groups. That is, the cognitive
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structure of the preservice teachers had fewer 
hierarchical levels as compared to the other groups.
Cognitive Distance
The cognitive distance index data indicate that the 
biology majors, novice teachers and preservice teachers 
are distinct from the experienced teachers and 
scientists by a dimension based on a deep versus surface 
structure understanding of the concepts. This dimension 
reflects the extent of order and the hierarchical nature 
of the cognitive structure. Being the experts, the 
scientists and the experienced teachers were found to 
have a more highly ordered cognitive structure, 
hierarchically arranged. For the scientists this 
results in a broad conceptual themes approach to the 
concepts. On the other hand, the experienced teacher’s 
cognitive structure is arranged by teaching units and 
the level of importance of individual concepts within 
the units.
Like the MDS analysis for the preservice teachers, 
the majors and novices also have shallower cognitive 
structures as compared to the experienced teachers and 
scientists. The manifestation of this is a weaker 
discrimination between categories.
The second dimension of the cognitive distance map
reflects the degree of cross-linking within the 
cognitive structure. The indication of this is the 
scientists’ and novices’ ability and nature of fluid 
thought about these concepts. That is, they were not 
fixed on only one classification scheme but were able to 
see the inter-relationships of the concepts and 
categories. The preservice teachers also fall toward 
the fluid end of this dimension. Because they are also 
at the surface structure end of the first dimension, 
this suggests a cognitive structure which has nearly 
everything linked to everything else, fluidity of 
thought perhaps, but highly unstructured with 
questionable usefulness.
An alternative description of the horizontal 
dimension is one of procedural knowledge versus 
conceptual knowledge, much like that of the genetic 
counselors and faculty members described in Smith’s 
study <1988). The experienced teachers and majors have 
a more procedural knowledge of the concepts. For the 
teachers that means content knowledge which is 
intimately tied to the procedures for teaching it. The 
interpretation of this dimension for the majors is more 
difficult and only speculated on here. One suggestion 
might be an understanding of the biology majors’ "job” 
as one of succeeding at the coursework. Therefore,
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their content knowledge would be one which yielded the 
most problem solving success.
As on the deep versus surface dimension, the 
scientists are revealed to have a more conceptual 
understanding of the concepts by this dimension as well.
Confidence and Effectiveness
Four subgroups from the novice, experienced, and 
preservice teachers were established. From the results 
of an instrument designed for this study, confident and 
less confident groups were identified. Using 
professional judgement, effective and less effective 
teacher groups were identified. An unexpected result of 
these groupings was the determination of a negative 
correlation between effectiveness and confidence. As a 
result, nearly all the subjects identified as effective 
were placed into the less confident group, and the less 
effective in the confident group. The speculation here 
is that more effective teachers are dissatisfied with 
their level of content knowledge and therefore more open 
to further instruction or self-study in the content 
areas, leading to further evolution of their cognitive 
structures. It should be kept in mind, however, that 
the novice and experienced teachers were combined for 
this analysis and that as a group they may have
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different meanings for the term confidence. Therefore, 
this relationship may be artificial.
Among the more significant results from these 
subgroups was the determination of the MDS dimensions 
and group weights. The analysis revealed the 
community/organismal dimension as before, but a 
plant/animal dimension in place of the 
biochemical/cellular dimension. Recalling that the 
teachers’ organization focused upon teaching units, this 
result is not surprising. Many secondary biology 
textbooks differentiate topics on these same dimensions.
The biochemical/cellular aspect is usually emphasized 
more at the college level.
Once again the group weights on the dimensions, and 
more specifically the weight ratio, is an indication of 
the cross-linking between the categories. The more 
cross-linking there is the greater the degree of 
conceptualization and breadth of knowledge. As would be 
expected, the effective teachers U6ed the dimensions 
nearly equally, whereas the less effective teachers saw 
the community/organismal dimension as more salient.
Implications for Teacher Education 
The most compelling result from this study is the 
evidence indicating the degree to which teachers
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restructure their thinking as they become more 
experienced. What is of particular interest is the 
apparent transition from poorly organized to highly 
organized cognitive structures when comparing the 
preservice teachers, novice teachers and experienced 
teachers respectively. This transition, however, seems 
not to be one of achieving a deeper conceptual 
understanding or a greater degree of integration of the 
concepts, rather it seems to be a transition from a 
fairly large although loosely organized pool of biology 
concepts to one which is highly structured but limited 
to the expectations of the established curriculum.
Shulman <1986) and Hashweh <1985) recognize three 
teacher subject-matter knowledge areas: <a> content
knowledge referring to the substantive and syntactic 
structure of the discipline <Schwab, 1978), <b) subject-
matter pedagogic knowledge which is topic-specific 
episodic and procedural knowledge and <c> curricular 
knowledge which includes an understanding of the scope 
and sequence of this as well as related disciplines.
These are not seen as independent structures, however, 
content knowledge is understood to support and influence 
subject-matter pedagogical knowledge <Leinhardt & Smith, 
1985).
The results of this study suggest that there are
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not three structures (albeit Intimately linked), but 
only one. The results suggest that the experienced 
teachers cannot think about the concepts of biology 
apart from how they are taught; the content is literally 
fixed upon the pedagogic cognitive structure. This 
agrees with Smith’s study (1988) using faculty members 
and genetic counselors. The indication from that study 
was that for the counselors, procedural knowledge is 
"intimately integrated" (p. 13) with content knowledge.
The implication is that when the preservice 
teachers are taught content they perceive no need for it 
(beyond passing the course) and are therefore not 
motivated to construct meaning for the concepts. Upon 
entrance into the professional coursework, the 
preservice teachers begin construction of the pedagogic 
knowledge of which the need is obvious and immediate.
As they begin work in the classroom the need to 
cognitively organize the content knowledge arises, but 
instead of constructing a separate subject-matter 
structure they fix the content upon their already 
established pedagogic knowledge structure. In 
actuality, when secondary preservice teachers become the 
novices (i.e., reach the classroom) their pedagogic 
knowledge may still not be well structured either (B. L. 
Schisler, personal communication, February, 1989). The
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result Is that circumstances of the classroom make 
content knowledge, pedagogic knowledge, and curricular 
knowledge one reality and therefore a single cognitive 
structure. The consequence of this is that as the 
teacher matures, experience promotes evolution of the 
pedagogic and curricular knowledge into which the 
content knowledge is simply subsumed. Content knowledge 
would therefore no longer be able to independently 
evolve, rather it becomes more and more fixed upon ’’what 
works” pedagogically and the particular structure of the 
curriculum.
The assumption is that a deeper content knowledge 
structure is also a more independent content knowledge 
structure. Results of Hashweh’s study <1985) detail the 
advantages and characteristics knowledgeable teachers 
(those with deeper content knowledge structures) have 
over those who are less content knowledgeable. More 
knowledgeable teachers-
<a) use the textbook organization of the concepts 
only when it coincides with their own.
<b) are able to supplement or delete curriculum 
content as needed.
<c) are able to effectively modify textbook 
activities.
<d) have a useful cache of conceptual
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representations, analogies, and examples.
<e> use a wider cognitive range of questions to 
students.
(f) are able to detect student preconceptions.
Teacher education seems to succeed at teaching the 
"how-to’’ (procedural) knowledge but is lacking support 
for the "what" (declarative knowledge). The implication 
of this model for teacher education is in support of the 
need to insure that teachers construct meaningful 
content knowledge structures either before professional 
studies begin or concurrently. Hashweh (1985) goes so 
far as to suggest the "need for subject-matter 
preparation to be quite congruent with what the student- 
teacher would be teaching in the future” (p. 309).
The ultimate goal of teacher education is to 
develop an effective teacher. The conclusion from this 
study is that the effective teacher needs both content 
knowledge and pedagogic knowledge structures in a form 
that are integrated but not fixed; cognitive structures 
that allow fluidity and growth of thought in both 
content and pedagogy.
The question then arises as to who should teach 
content to prospective teachers to better enable this 
development? Traditionally, content is taught through 
the academic departments, "on the other side of campus".
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As was discussed in Chapter II, the cognitive structure 
of the discipline is to some degree transferred to the 
student from the instructor. This study revealed that 
the experienced teacher’s cognitive structure is quite 
different than the scientist’s, however, and this 
difference is probably due to a difference in its use.
This suggests that effective experienced teachers should 
teach content to prospective teachers. Whether these 
persons are college professors or secondary teachers is 
not the issue. What is of importance here, is that 
content be delivered to prospective teachers in such a 
way that it will be meaningful and useful to them, as 
students now and teachers in the future. It would seem 
that the old adage "we teach the way we are taught" is 
still very true. The scientific community needs to 
become aware of the impact of their teaching upon the 
future of science education, a logical role for the 
science education community. Alternatives such as 
team-teaching by scientists and science educators, or 
specific selection of content instructors sensitive to 
the needs of teacher education need to be pursued <see 
Tingle and Hauslein, 1987).
Implications for Further Study and Limitations 
The methodology of this study based upon the
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theoretical background did not anticipate the 
singularity of content knowledge and pedagogical 
knowledge. Therefore the need arises for the design of 
an instrument which can more clearly reveal the nature 
of this relationship.
Most current methods of determining cognitive 
structure result in two dimensional representations of 
the structure, when in reality cognitive structure is 
multi-dimensional. A limitation of this and any other 
currently available cognitive structure instrument is 
the ability to adequately reveal this complexity.
A second limitation of this study was experienced 
by the need to use qualitative data with the latent 
partition analysis (LPA). The volume of information 
available from the transcripts limited the number of 
subjects from which data could realistically be 
gathered. Because of the limited number of subjects in 
each group, one or two divergent subjects may unjustly 
skew the probability matrix. The solution to this 
concern is to administer the sorting task to a large 
sample and gather the qualitative data from a subset of 
that sample.
This study complements the results and answers some 
of the limitations mentioned by Hashweh <1985) in his 
dissertation study. However, a logical extension of
both studies would be to look for the effect of teacher 
content knowledge on student achievement. This is 
recommended for further study.
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Demographic Instrument for Inservice Teachers <EXP, NOV) 
NAME
SSN____________________________
1. Sex M F
2. Age _________
3. Total years of teaching experience ___________
4. Were you trained as a biology teacher or a chemistry
teacher? (circle one)
BIOLOGY CHEMISTRY other__________________
5. About what percentage of your past teaching
experience has been in the biological sciences?
6. What is your Bachelor's degree major in? ___________
Bachelor’s degree minor in? ___________
If you have an advanced degree, what
area is it in?
7. Are you currently teaching a Life Science? yes no
8. If you are currently teaching, please list the course 
title and the curriculum (textbook) which you use?
course curriculum
I hereby acknowledge that I am freely participating in 
Patricia L. Hauslein’s dissertation study. I recognize 
that this is a study of biology content knowledge 
structures and that I will be audio taped while sorting 
the concepts. I also understand that the report of this 
research will not personally identify me by name.
signature date
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Demographic Instrument for Preservice Teachers (PSR)
NAME
SSN_________________________
1. Sex M F
2. Age _________
3. Are you trained as a biology teacher or a chemistry 
teacher? (circle one)
BIOLOGY CHEMISTRY other
4. What is your Bachelor’s degree major in? __________
Bachelor’s degree minor in? __________
I hereby acknowledge that I am freely participating in 
Patricia L. Hauslein’s dissertation study. I recognize 
that this is a study of biology content knowledge 
structures and that I will be audio taped while sorting 
the concepts. I also understand that the report of this 
research will not personally identify me by name.
signature date
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Demographic Instrument for Majors <MAJ)
NAME:______________________________
1. AGE
2. What is your current GPA?
a . 3.5 - 4. 0
b. 3. 0 - 3.5
c . 2.5 - 3. 0
d. < 2. 5
3. Which of the following terms would best describe your 
preferred approach to the study of biology?
a. molecular
b. microbiological
c. organismal (zoological, botanical)
d. ecological/evolutionary
I hereby acknowledge that I am freely participating in 
Patricia L. Hauslein’s dissertation study. I recognize 
that this is a study of biology content knowledge 
structures and that I will be audio taped while sorting 
the concepts. I also understand that the report of this 
research will not personally identify me by name.
signature date
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Demographic Instrument for the Scientists (SCI)
NAME:
1. AGE
2. When did you receive your Ph.D. ? ____________
3. By what name would you call your scientific 
specialty?_________________________  (e.g. botanist,
animal physiologist)
4. About how many semesters since you received your
degree have you taught general biology (majors or 
non-maj ors)?____________
5. Have you received any recognition for your teaching
ability?
I hereby acknowledge that I am freely participating in 
Patricia L. Hauslein’s dissertation study. I recognize 
that this is a study of biology content knowledge 
structures and that I will be audio taped while sorting 
the concepts. I also understand that the report of this 
research will not personally identify me by name.
signature date
INSTRUMENT FOR FREE SORTING OF BIOLOGY CONCEPTS
Included with this instrument are 37 biological science 
concepts. Classify or categorize these concepts into 
groups or classes based, according to your judgement or 
understanding, on which concepts are related or normally 
belong together. There are no right or wrong bases for 
the groupings or classifications. Each group or class 
that you form should be given a name that identifies the 
similarity of the concepts that it contains.
There is no limit to the number of groups you may 
form. Similarly, each of your groups or classes may 
contain as many or as few concepts as you feel it 
should.
In grouping the concepts, proceed in a careful 
step-by-!?tep manner. This means that each concept 
should be considered individually and compared with each 
of the others. Do not hurry your grouping of the 
concepts.
Here is an example of a possible classification or 
grouping of 20 science concepts.
The concepts are as follows:
astronomer beaker biologist chemist
dog flower lion meteorologis
microscope physicist potato pumpkin
robin snake telescope test tube
thermometer tomato tree whale
The above 20 concepts could bei grouped as follows:
Group 1 Group 2 Group 3 Group 4
astronomer thermometer dog flower
biologist beaker lion potato
chemist microscope robin tomato
meteorologist telescope snake pumpkin
physicist test tube whale tree
SCIENTISTS SCIENTIFIC
EQUIPMENT
ANIMALS PLANTS
You will find all the concepts on gummed labels. Sort 
the concepts and when you are through peel the label off 
the backing and stick them onto the blank page into the 
groups you have decided on. If you are in any doubt as 
to the meaning of a concept or cannot decide which group 
to which it belongs put it off to the side and make a 
last group called undecided. Thank you for you 
cooperation in this project.
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SELF-CONCEPT OF SCIENCE TEACHING ABILITY
Please mark with an ”X” the number that corresponds with 
your response.
How confident are you of your ability to teach the 
following concepts to High School students?
(1) I am not confident at all
(2) I am not very confident
(3) I am somewhat confident
(4) I am very confident
active transport
blood clotting
digestion
mating
growth
menstruation 
migrat ion
organismal variation 
ovulat ion 
photosynthesis 
reflex action 
reproduct ion 
succession of species 
tissue regeneration 
blood circulation 
carbon cycle 
cell transport 
diffusion
environmental adaptation
evolution
fertilization
inheritance
meiosis
metabolism
mitosis
organismal competition
osmosis
parasitism
pollination
regulation of body fluids
respiration
symbiosis
cell differentiation 
cleavage of cells 
enzyme reaction 
excretion 
natural selection
(1) C2 ) C3 ) C4)
(1) C2 ) C3 ) C4 )
Cl) C2 ) C3) C4 )
(1) C2) C3 ) C4 )
<1> C2 ) C3 ) C4)
<1> C2) C3 ) C4 )
Cl) C2) ' C3) C4)
(1) C2) C3 ) C4)
(1) C2 ) C3 ) C4)
<1) C2 ) C3 ) C4 )
(1) C2 ) C3 ) C4)
(1) C2) C3 ) C4 )
Cl) C2) C3 ) C4 )
Cl) C2 ) C3) C4 )
Cl) C2) C3 ) C4 )
Cl) C2) C3) C4 )
Cl) C2 ) C3 ) C4)
Cl) C2 ) C3) C4 )
Cl) C2) C3 ) C4)
Cl) C2 ) C3 ) C4 )
Cl) C2) C3) C4)
Cl) C2 ) C3 ) C4 )
Cl) C2 ) C3) C4)
Cl) C2 ) C3 ) C4 )
Cl) C2) C3 ) C4 )
Cl) C2) C3) C4 )
Cl) C2 ) C3 ) C4)
Cl) C2). C3) C4 )
Cl) C2) C3 ) C4)
Cl) C2 ) C3 ) C4 )
Cl) C2 ) C3) C4)
Cl) C2) C3 ) C4 )
Cl) C2) C3 ) C4 )
Cl) C2 ) C3) C4 )
Cl) C2) C3 ) - C4 )
Cl) C2) C3 ) C4)
Cl) C2 ) C3 ) C4)
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Table B-6
ltem-palr Probability Matrix: All Groups Combined
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(IIN6 1 10 11 13 13 14 It 13 17 10 13 20 4\ 37 23 24 76 2* 27 73 2* 9V 31 12 29 34 96 v7
1 AtllVt IHAHCI’UHI 1 . u« .07 1 4 . 79 .00 .oo .43 .PO . 21 .00 .14 .07 . CO .07 .00 .39 . VO . 14 . VO .09 .00 . U4 .ov .OV . 29 . oo .OV . Jfc .OO .21 OO 00 .07
hiiHio ctnruiAiitiM • OO .00 . 79 . P7 .14 .31 .07 31 . 64 .VO .21 .oo . 79 .21 .07 .00 .00 .07 .21 . 36 .00 .00 .00 .00 .00 .21 .31 .oo .OO .07 39 64 .31 .49 .VO 00 .00
CtUIIU U H I I I N R .0(1 .oo .OP .ov . 79 .VO .67 .31 .07 .ov .CO .07 .31 .3* .vv .OO .ov . ov .ov . 14 .71 .oo ■ OV .07 .43 . 67 .21 .29 .00 .00 .07
CAIIVUN CVLLl . 00 .0(1 .00 . 00 .oo .07 .00 .07 .21 .39 . 1 4 .07 .07 .00 .07 .oo .07 .oo .00 .21 . 14 .00 .07 .14 .07 .07 .00 .07 .71 . 1 4 .07 .07 .07 .36 . 14 .21 .07
c c l l  otrrencNtiAriOM .00 .00 .00 .00 .00 .14 .39 . 14 .14 .07 .1*7 .14 .14 .60 .43 .43 .39 .71 .30 . 14 .07 .67 .14 . 14 .14 . 14 .43 .oo 07 .36 .21 .07 .60 .21 . 14 .00 .60
* criL irtAMr.PONt . 00 . oo .oo .oo • OO oo . 1 4 CO .31 . oo .00 .06 .86 .00 .00 .31 OO .00 29 . OO .29 .09 oo 07
Cl LOVAtit UP CKLL9 . 00 .oo .00 .oo .OP .00 .00 31 .07 .vv . 1 4 .OO .07 .60 .37 .43 .43 .79 .37 .07 oo . 79 .00 .00 .00 .21 .60 .00 .07 .60 .07 .00 .67 . 14 .00 .00 . 49
• O H  1 1*61 UN .oo .oo .00 *©p VO . (Ill • VO . oo .oo .VO .43 • OO . 31 .oo . 14 .07 .00 . 14 .oo .29 .00 .21 . oo .00 .PO .oo .00 .00 .21 ■ OO . 00 .49 . OO .21 .OO 00 07
UlllLMIUN .oo .oo .00 .4*1* -VO . vv .VO .00 .eo .ov . .‘6 .00 .79 .29 .21 .00 .00 .07 .29 .71 .00 .OO .00 .00 .00 .OO .29 .00 .14 . 1 4 .36 .80 .21 .71 .00 00 .00
10 CNVIMOMENTAL ADAPTATION .00 .00 .00 .00 .00 .00 .oo .00 .00 .00 .CO .71 .PO .00 .00 .29 .29 .00 .00 .00 .86 .00 .71 .71 .71 .Vo .00 .36 .07 .00 .00 .07 .00 . 79 .60 .00
1 EN2VMC ACAIION .00 .oo .00 .00 .00 .00 .oo .00 .00 .00 .(■0 .00 .29 .07 .29 .07 .00 .07 .07 .67 .VO .14 .00 .00 .00 . 43 .07 .00 . 29 .07 .21 .21 .00 .36 . 00 .VO 14
3 1 VIII Ul IIIN OO .eo .UP oo 79 .oo .vv .71 .04 . oo . oo . 3c . 00 .07 .07 .VO .ov .93 .3* .07
13 citnc 1 IUN .00 .00 • OO .vv oo . 00 . oo .vv . 00 .00 .••0 .oo . 00 .39 .07 .00 .00 .07 .29 .60 .00 .00 .oo .00 .00 .21 . 29 .Ov .VO . 14 .29 .71 .21 .67 .OV ov • VO
4 » EMIILI2A1ION .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .CO . 00 . oo .00 .39 .39 . 67 .37 . 93 . 14 .00 .43 .oo .00 .00 .00 .93 .00 .00 . 71 .21 . 1 4 . 79 .21 .00 oo 21
14 AIIIIV1II .oo .oo • OO oo .oo • OO .00 • OO .00 .00 .CO 00 .00 .00 .oo .43 .29 .eo .36 .36 .00 .71 .00 .00 .00 . 1 4 .29 .00 .21 .39 . 07 .07 .29 .29 .00 . oo 49
16 IHIIEAJTANCC .00 .00 .00 .00 .00 .00 .VO .00 .00 .oo .CO .oo .00 .eo .oo .00 .34 . 43 . 29 .07 29 .43 . 80 .34 . 43 .07 .21 . 14 .07 . 36 .07 .00 .21 .07 .49 .07 .29
7 MATINB .00 .00 oo . 00 -OO .oo .00 . 00 .00 .oo .CO .00 • OO .00 .oo .00 .00 .43 . 97 .00 .43 .43 .36 .36 .21 .00 .67 .21 .OO .67 .00 .67 .00 .29 .31 .21
16 nciotlt .00 .00 .00 .00 .00 .oo .00 .00 .00 .OO .00 .00 .00 .00 .00 .00 .00 .00 .80 .14 .00 .7* .00 .00 .00 .14 .60 .00 .07 . 60 .07 .07 .67 .14 .00 .oo .49
19 HEM6IMVAI ION .00 .oo .oo .00 .00 . oo .oo .eo .00 .oo .oo .00 .oo .00 .oo .00 .oo .oo .oo . 14 .OO . *3 .oo .oo .00 .00 .OO .00 .OO .64 .21 .96 .31 • OO . oo .21
30 METABULISM .oo .00 .00 .00 .oo .OO .oo . 00 .oo .oo .00 .00 . 00 .00 .00 .oo .00 .oo .00 .00 00 .00 .oo .00 .oo .39 . 14 .00 ..29 .07 .21 . 36 .07 .71 .00 . 00 .07
31 MIOMAIIUN .oo .00 .00 .00 .oo .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 1.00 .00 .79 .79 .64 .00 .00 .60 .00 .07 .00 .00 .00 .00 .71 . 69 .00
33 HIT06IS • OO .00 .00 .00 .oo .oo .00 • OO .oo .00 .00 . 00 .00 .00 .oo .00 .00 .oo .00 .00 .oo .00 .00 .oo .00 .21 .43 .OO .07 43 .OO . 00 . 36 .07 .00 OO 67
33 NAIUHAL VEt.CCt IUN • VO .00 .00 .00 .oo .oo .00 . OO .oo .oo .VO .VO .oo .00 .oo .oo .00 .00 .oo .oo . oo .00 .oo .71 .36 .00 .OO .36 .00 .07 .07 .oo .00 .00 .99 . 39 07
• 4 UHQANI6MAL CUM'CIITIOH .oo .00 .00 .oo .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .'•0 .00 .00 .00 .71 .00 .00 .29 .00 .00 .07 .00 .07 .00 .73 .43 .07
38 ONnnNISflAL VAAIAtlUN . 00 .oo .00 .00 .00 .oo .oo .00 .60 .oo .00 .oo .00 .00 .oo .oo .00 oo .00 .oo oo .oo . oo .00 .OO .OO .oo .29 .OO .oo .07 .00 .07 .oo oo 36 07
1C mniitin (.0 oo .PO t.o • PO . PO .PO . OP .oo 00 no VO . 00 .oo .oo .oo .VO . VO .00 .00 PO • OO . VO .ov . 00 .OO . 00 .00 21 oo .VV . 43 00 .21 -OO VO 07
27 UVULATION .00 .00 .00 .OO .oo .00 .00 .PO .00 .ov .00 .00 .00 .00 .00 .00 .oo .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .64 .21 .14 .96 .21 .oo 00 .21
26 f'AIIA6 1 T t #M .00 .00 .oo .00 .00 .oo .00 .00 .oo .00 .OO . 00 .00 .00 .00 .00 .00 .00 .00 .00 .oo .00 .oo .oo .oo .00 .00 .00 . OV .07 .00 .OO .00 .00 ** • 6 .07
39 PHUIOSVNIHlfl« . oo .oo .oo . 00 .00 .00 .oo .PO • OO .00 .00 .oo .00 . 00 .oo .oo .00 .00 • OO .00 VO .oo .00 .00 .60 .oo .oo .oo .ov 21 .07 .00 .00 .49 00 OO
90 POLLINATION .oo . 00 .OP . 00 .00 .oo -OO .oo .OO .oo .OO . oo . 00 .00 .oo .00 .00 .00 .OO .00 .oo .00 .oo .00 .00 .oo .00 .00 .00 .00 .07 .07 .67 .07 .00 . 00 .39
31 RCELCI ACTION .00 .00 .00 .00 .00 .oo .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .OO .00 . 00 .00 .VO .oo .00 .00 .eo .00 .00 . 00 .00 .21 .21 .21 .07 .00 . 1 4
32 MCOVLAIION OP r p i O l . oo • OO .oo .PO .oo . oo .oo . oo .00 .00 .00 .oo .00 .00 .no .00 .oo .00 .ov .oo . 00 .oo .eo .oo .00 .oo .oo .oo .OP oo .oo .OO . 1 4 .29 .oo . CO . 00
33 AlPAODUCtION .t>0 -OO .oo .00 .oo .oo .00 .oo .00 .00 .00 .00 .00 .00 .oo .00 .00 .00 .00 .00 OP .00 . oo .oo .00 . 00 .00 .00 . oo 00 .00 .00 .00 . 14 .07 .07 . 21
34 AESPIAATION .00 .00 .00 .oo .oo • OO .00 .oo .00 .00 .00 .00 .00 .00 .00 .00 .00 . oo .00 .00 . oo .00 .00 .00 .00 .00 .00 .00 .00 . 00 .00 .00 .00 .00 .00 oo . 07
36 W C C 6 19ION 01 6P6CIC9 . oo .00 .110 oo oo .oo .oo .oo .OO . 00 .00 .00 .oo .00 .00 .00 .00 .oo .00 .oo . oo .oo .oo . oo .00 .00 .oo .OO .00 00 . 00 .oo .oo .OO .oo 2C .07
34 STMBI0SI6 oo .00 .00 • OP .oo .oo . oo -OO .oo .00 .00 .oo .00 .oo .00 .00 .00 .oo .00 .00 .00 . 00 .00 .00 .00 .00 .09 .00 .oo oo .00 . oo .00 .00 .00 1 oo 07
37 TI99UE MCOCNCMAIIOM . oo . 00 .00 .00 • OO .oo .00 . oo .oo .00 .00 .oo .00 .00 .00 .oo .oo .00 .09 .00 . oo . 00 .00 .00 .OO .00 .00 .00 .00 .vo .00 .00 .00 .00 .00 oo 00
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Table B-8
Item-palr Probability Matrix: Less Confident Teachers (LOOM)
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I! Table B-9
Itein- palr_ I'roba b llltv Matrl x: Hffectlve Teachers <.HFFl
» 3 3 4 8 6 7 0 0 IO It 13 13 14 11 10 \1 )• 30 2I 22 2> 2* It 36 37 20 4> 10 II 33 33 3* lb 3. 17
t AC II VC lllANAPIIIII 1 .00 .00 .«!' 20 . 13 .011 . 13 no .00 .00 .SO .00 .00 .OO .13 .oo .oo .38 .OO .30 .0(1 .30 .00 .OO .00 1.00 .00 -OO .13 .00 .00 .20 .00 .1J .00 .UO ■ 28
2 III.IIIID L'lMCULAI IUH .(<0 . oo .NO . oo . 1 3 . 1J IX . 1 X . 78 .oo . 1 X .oo . 78 . 38 . 1 3 . 1 3 .oo .00 .20 .28 .UO .WO .OO .OO .00 .13 .13 .OO .00 OO .78 .S3 .30 S3 .00 .00 .1*3
3 0LUUO CCOITIMO .00 .oo .00 .00 13 . 00 . 13 .oo .78 .00 .28 .00 .78 .13 .13 .13 .00 .CO .38 .28 .OO .OO .OO .00 .00 .00 .20 .00 09 00 .00 .03 .90 .00 .00 .00 . 13
4 CrtllUUN CVCI.C • CO .00 ,«0 .oo .oo . 13 .oo . >8 .00 .3* .38 .13 .00 .00 .00 .00 .00 .00 .00 .OO ■ if. .00 .38 .30 .13 .28 .00 .00 20 .13 .00 .00 .00 .19 . 28 . 1 3 .11
• 111.L Oil f 1 IlLN M A I  (UN .00 .00 .oo .oo oo .38 .oo . 13 .13 .ow .017 . 13 . 1 3 .80 .80 .80 .90 . >9 .*3 .VC .OO .80 .09 OO .13 .13 .80 .OO CO 13 .13 .OB .30 .13 .OO oo .81
« CCtL 1RAHAPOR1 .oo .oo .oo .oo .oo .oo . 38 .OS .00 .oo .38 .00 .00 .00 .13 .00 .00 .13 .00 30 .00 .80 .00 .00 .00 .00 .00 .OO .13 .OO 00 .28 .00 .13 .00 .00 13
1 ClXAVAflC OF Cll.1.0 .00 .00 00 .00 00 .00 .00 . 13 . 13 .00 .00 . 13 .13 .80 .80 .so .38 .30 .S3 .00 .00 .80 .00 .00 .13 .13 .80 .99 W  11 .11 .OO .28 .13 oo • OO o
0 UIIM'tilllN .oo . oo . oo .Oil .oo .oo . oo -UO . oo . oo . 80 oo .oo . 1 3 .oo .00 .28 .OO .30 .OO .30 .00 .00 .00 1.00 .OO .017 .13 .00 .00 .20 .00 .19 .oo .00 . 31
9 OIOCS I ION .oo .00 .oo .oo .00 .00 .oo .00 .00 .00 .13 .oo .00 .38 .38 . 13 .00 .00 .28 .80 .00 .00 .OO .00 .00 .OO .28 .90 OO .00 .83 .60 .30 .78 .00 • OO .00
10 IRVIAUnCHlAL AOATIAflOM .00 .00 .00 .oo .oo .oo .00 .00 .00 .00 00 .S3 .00 .00 .00 .13 .38 .00 .00 .00 .00 .OO .78 .00 .S3 .00 .09 .SO 00 .00 OO .00 .00 .00 . 78 .S3 .oo
n  t H i r m  M L A U O N .00 .00 .Ol» .00 .oo .oo oo .00 .00 .00 00 . 00 . 13 .00 . 1 3 .CO .00 .13 .OO .83 00 .38 .OO .OO .09 .89 .90 OO 13 .00 .28 .30 .00 .00 .00 .00 . 11
13 KVULUIION .00 .00 .oo .oo • OO .oo .00 .00 .00 .oo 00 .00 .oo .13 .13 . 28 . 80 .13 .13 .OO S3 .OO .00 .00 1.00 .OO .28 .30 .OO .00 .00 . 13
13 tICACIION .00 .00 .00 .00 .00 .00 .00 .oo .00 .00 00 .00 .00 .28 .28 .13 .00 .00 .28 .80 .00 .00 .00 .90 .00 .00 .28 .00 .OO .90 .83 .80 .38 .78 .13 .00 . 017
14 1C N 1 III2AI ION .00 .00 .00 .00 .oo .00 -OO .00 .oo . 00 00 .00 .oo .oo . 28 . 83 .83 .80 .00 .13 .OO .20 .OO .OO .13 .OO .00 .00 .OO .13 .28 .13 .00 .38 OO 00 . 26
IK OHtltftM • OO . oo .oo oo .oo -OO .oo .oo .80 .oo OO -VO .oo .oo .00 .S3 .28 .30 .80 .30 .OO .80 .00 .00 .13 .12 .38 .OO .OO .13 .13 .13 .38 .13 .oo .00 63
10 IMIICAI i a n c c .00 .oo .00 .00 .oo .00 .00 .00 .00 .oo 00 .00 .00 .00 .00 .00 .S3 .80 .78 .13 .13 .30 .13 .13 .20 .00 .83 .00 .00 .13 .13 .13 .00 .19 . 13 . 00 . 30
17 D M I N B .00 .00 .00 .00 .00 • OO .00 .00 .00 .00 00 .00 .00 .00 .00 .00 .00 .30 .83 .OO .30 .13 .30 .30 .80 .OO .83 .13 .OO .13 .OO .99 .89 .90
IB HCIOSIt .00 .00 .oo . oo .00 .oo .00 . 00 .00 ,«0 00 . 00 . 00 .oo .00 .00 .oo .00 .30 .13 .OO .70 .00 .00 .13 .28 .20 .OO .OO .13 .OO .00 .39 .00 .OO .oo .8)
19 nCMSIAUAIION . 00 .00 .oo .00 -OO .oo .00 .00 .00 .00 00 .00 . 00 .00 .00 .00 .oo .00 1.00 .13 .00 .13 .00 .OO .13 .00 1.00 .OO .00 .13 .20 .13 .78 .2* .09 90 :v
20 HCIAtOLItH .00 .00 .00 .00 .oo .00 .00 .00 .00 .00 00 .00 .00 .00 .00 .00 .00 .00 .00 1.00 .00 .28 .00 .00 .OO .30 . 1 3 %.00 .13 .00 .20 .80 .13 .28 .00 00 . 13
21 ftlOAAIION .00 .00 .00 .00 .00 oo .00 .00 .00 .00 00 .00 .00 .00 .oo .oo .00 .OO .oo .oo 1.00 .00 .83 .03 .83 .OO .OO .00 .00 .09 .09 .90 .90 .90 .63 .83 • OV
23 R1108IS . 00 . 00 00 .00 oo .oo .oo .00 .00 .00 00 .00 .00 .00 .00 .00 .00 .00 .00 .oo .00 1.00 .00 .00 .00 .39 .13 .OO .00 .13 .OO .13 .78 .00 00 00 to
32 NAIURAt. BtLtCltDH .oo .oo .00 .oo . 00 .00 . oo .oo .00 .00 .00 .00 .00 .oo .00 .00 .oo .00 .oo .OO .00 .00 1.00 .03 .00 .09 .00 .30 .00 .00 .00 .09 .09 .00 1 .09 . 30 .09
24 nnnANtaiiAL conpfflttCN oo .00 .00 .00 .OO .00 .00 .00 .00 .00 00 .oo .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 1.00 .00 .00 .00 .39 .00 .00 .00 .00 .00 .00 .83 . 50 00
31 ORQANtSMAL V4AIAIION • OO .00 .oo .oo . 00 .DO .00 .00 .00 .00 00 .00 .00 . 00 .00 .00 .00 .OO .00 .oo
2t (ltnosit .00 . 00 .oo .oo . 00 oo .00 . 00 .00 .00 00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 1.00 .00 .OO .13 .00 .00 .28 .00 .13 . 00 oo 26
37 IIVUl Alt ON .00 .00 .00 . oo .00 00 • OO . 00 .00 .00 00 .00 .00 .oo .00 .oo .00 .00 .OO .00 .OO .OO .00 .00 .00 .00 1.00 .00 .00 .13 28 .13 78 .28 -OO OO .36
30 PARAS 1 T f til .00 .00 .00 .00 .00 00 .00 .oo .00 .00 00 . oo .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .OO 1.00 .00 .00 .OO .00 .00 .00 . 39 90 00
79 PHDfOSVMTKESIt .oo .00 .00 .oo .00 00 .oo .00 .00 .00 00 .oo .00 .00 .00 .oo .00 .00 .00 .00 00 .00 .00 .00 .00 .OO .00 .00 1.00 .S3 .90 00 .13
30 POLLINAIION . oo . oo .00 • OO .oo 00 -OO .00 .00 .oo 00 . 00 .00 .oo .00 .00 .00 .00 .00 .00 .00 .OO .OO .00 .00 .00 .00 .OO .00 1.00 .00 .00 .13 .13 .OO 00 .36
31 All III ACfION .oo .00 .oo O0 .oo oo .oo .00 .00 .00 00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .80 .39 .39 .00 .00 .13
32 HlOOlAtlllN OF FLVIOB .00 .oo .00 00 .00 00 . oo .00 .00 .00 00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .OO .00 .00 .00 .OO .00 .00 .00 .00 .00 .13 .39 • OO oo 13
39 AFPNOUUCtION oo .oo oo oo .oo oo oo oo 00 1 3
34 AKBPIRATION .oo . 00 .00 .00 .00 oo 00 .00 .00 .00 00 ’.00 .00 .00 .00 .00 .00 .00 .OO .00 .OO .00 .OO .00 .OO .00 .00 .00 .00 .00 .00 .00 .00 1.00 .00 00 CO
3t BUCCttBION OF IPtCtCB .00 .oo .00 .00 .00 .00 .00 .00 .00 .oo 00 .oo .00 .oo .oo .00 .00 .00 .00 .oo .00 .00 .00 .OO .OO .09 .00 .00 .OO .00 .00 .00 .00 .90 1 .oo . 30 .00
3* SinPiOBIS .oo .00 .00 .00 .oo oo .00 .oo .00 . oo oo .00 .00 .00 .00 . oo .00 .00 .00 .00 .00 .00 .OO oo 1 oo ow
37 1 issue RCOfNSAAIION .00 .oo .00 ■ OO .00 oo -OO . oo .00 00 .oo . 00 .oo .00 .oo .00 .00 .OO .00 .OO .00 .00 oo oo
CO
1 00
Table B-10
1tem-palr Probability Matrix: Less Effective Teachers (LEFF1
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APPENDIX C 
INTER-FACTOR DISSIMILARITIES MATRIXES
136
137
Table C-l
EXPERIENCED Inter-category Dissimilarities
Category Label 1 2 3 4 5 6 7 8
1. Evolution - - - - - - -
2. Reproduction . 92 - - - - - - -
3. Cell Transport . 99 . 97 - - - - - -
4. Cell Growth . 95 . 55 . 73 - - - - -
5. Thys. Systems . 99 . 82 . 89 . 99 - - - -
6. Ecology . 63 . 98 . 98 . 99 . 99 - - -
7. Energetics . 99 . 82 . 87 . 94 . 70 . 98 - -
8. Planes . 95 . 97 . 99 . 93 . 98 . 93 . 95 -
Note. Dissimilarities equal 1-interfactor correlation
1 3 8
Table C-2
NOVICE Inter-categorv Dissimilarities
Category Label 1 2 3 4 5 6 7 8
1. Evolution - - - - - - - -
2. Reproduction . 95 - - - - - - -
3. Cell Transport . 99 . 99 - - - - - -
4. Ceil Growth . 93 . 47 . 99 - - - - -
5. Phys. Systems . 99 . 84 . 86 . 99 - - - -
6. Ecology . 82 . 99 . 99 . 98 . 99 - - -
7. Energetics . 99 . 84 . 93 . 96 . 64 . 99 - -
8. Plants . 99 . 91 . 83 . 98 . 71 . 99 . 73 -
Rote. Dissimilarities equal 1-interfactor correlation
1 3 9
Table C-3
PRESERVICE Inter-category Dissimilarities
Category Label 1 2 3 4 5 6 7 8
1. Evolution - - - - - - - -
2. Reproduction . 97 - - - - - - -
3. Cell Transport . 97 . 93 - - - - - -
4. Cell Growth . 94 . 71 . 61 - - - - -
5. Phys. Systems . 99 . 89 . 85 . 90 - - - -
6. Ecology . 70 . 99 . 99 . 96 . 96 - - -
7. Energetics ** ** ** ** ** ** - -
8. Plants . 94 . 94 . 89 . 88 • 94 . 84 ** -
Note. Dissimilarities equal 1-interfactor correlation
1 4 0
Table C-4
KAJOR Intei— category Dissimilarities
Category Label 1 2 3 4 5 6 7 8
1. Evolution - - - - - - - -
2. Reproduction . 97 - - - - - - -
3. Cell Transport . 97 . 99 - - - - - -
4. Cell Growth . 98 . 79 ■ 66 - - - - -
5. Phys. Systems . 99 . 94 . 81 . 79 - - - -
6. Ecology . 65 . 93 . 96 . 96 . 79 - - -
7. Energetics . 99 . 99 . 82 . 65 . 77 . 99 - -
8. Plants ** ** ** ** ** ** %% -
Note. Dissimilarities equal 1-interfactor correlation
M i  c c i  rjo1 r a  +  o a n r u  -f r-\r- +  >> e  e a m n l  o
1 4 1
Table C-5
SCIENTISTS Inter-category Dissimilarities
Category Label 1 2 3 4 5 6 7 8
1. Evolution - - - - - - - -
2. Reproduction . 95 - - - - - - -
3. Cell Transport . 98 . 96 - - - - - -
4. Cell Growth . 97 . 83 . 81 - - - - -
5. Phys. Systems . 99 . 58 . 97 . 96 - - - -
6. Ecology ** ** ** ** ** - - -
7. Energetics . 97 . 81 . 72 . 77 . 81 ** - -
8. Plants ** ** ** ** ** ** %% -
Note■ Dissimilarities equal 1-interfactor correlation
1 4 2
Table C-6
EFFECTIVE 1 nter-category Dissimilarities
Category Label 1 2 3 4 5 6 7 8
1. Evolution - - - - - - - • -
2. Reproduction . 88 - - - - - - -
3. Cell Transport . 99 . 99 - - - - - -
4. Cell Growth . 93 . 53 . 74 - - - - -
5. Phys. Systems . 97 . 73 . 92 . 68 - - - -
6. Ecology . 60 . 99 . 97 . 94 . 99 - - -
7. Energetics . 98 HCD . 83 . 99 . 89 . 97 - -
8. Plants . 98 . 98 . 87 . 99 . 96 . 93 . 98 -
Note. Dissimilarities equal 1-interfactor correlation
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Table C-7
LESS EFFBCTIVE Inter-category Dissimilarities
Category Label 1 2 3 4 5 6 7 8
1. Evolution - - - - - - - -
2. Reproduct ion . 96 - - - - - - -
3. Cell Transport . 99 . 96 - - - - - -
4. Cell Growth . 95 .54 . 86 - - - - -
5. Phys. Systems . 99 . 90 . 81 . 86 - - - -
5. Ecology . 84 . 99 . 99 . 97 . 99 - - -
7. Energetics . 99 . 86 . 86 . 97 . 51 . 98 - -
8. Plants . 99 . 96 . 98 . 87 . 97 . 99 . 81 -
Mote. Dissimilarities equal 1-interfactor correlation
1 4 4
Table C-8
CONFIDENT Inter— category Dissimilarities
Category Label 1 2 3 4 5 6 7 8
1. Evolution - - - - - - - -
2. Reproduction . 94 - - - - - - -
3. Cell Transport . 99 . 99 - - - - - -
4. Cell Growth . 93 . 51 . 81 - - - - -
5. Phys. Systems . 98 . 76 . 84 . 98 - - - -
6. Ecology . 63 . 96 . 99 . 97 . 98 - - -
7. Energetics . 99 . 82 . 78 . 88 . 56 . 98 - -
8. Plants . 93 . 98 . 86 . 95 . 99 . 89 . 74 -
Note. Dissimilarities equal 1-interfactor correlation
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Table C-9
LESS CONFIDENT Inter-categgrv Dissimilarities
Category Label 1 2 3 4 5 6 7 6
1. Evolution - - - - - - - -
2. Keproduction . 69 - - - - - - -
3. Cecl Transport . 99 . 96 - - - - - -
4. Cell Growth 96 . 66 . 66 - - - - -
5. Fhvs. Svstems . 99 . 63 . 96 . 99 - - - -
6. Ecology . 76 . 99 . 99 . 96 . 96 - - -
7. Energetics . 98 . 60 . 63 . 94 . 53 . 99 - -
6. Plants . 94 . 99 . 87 . 69 . 94 . 66 . 93 -
Note . I’issiiri 1 ar i z ies equal 1-inter! actor correlation
APPENDIX D 
ALPHA FACTOR ANALYSIS PROTOCOL
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Input Commands for SAS PROC FACTOR 
Alpha Factor Analysis
1. DATA SAMPLE(TYPE=CORR) ;
2. _TYPE_= ’ CORR' ;
3. LENGTH _NAME_ $8. ;
4. INPUT (V1-V37) (5.2);
5. IF _N_=1 THEN _NAME_=’V1';
6. IF _N_=2 THEN _NAME_=’V2’;
(continue for all variables)
42. CARDS;
43. 1.00 .10 .10 .30 .10 .70 .10 .80 ..........
(continue data input)
154. ;
155. PROC FACTOR METHOD=ALPHA HEYWOOD PROIRS=0 NFACTOR=8 
ROTATION=PROMAX REORDER SCREE;
156. TITLE "SAMPLE INPUT FOR AFA";
APPENDIX E 
CHARACTERISTICS OF THE TRANSCRIPTS
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As was discussed in Chapter III, the subjects Free- 
sorting task sessions were audio-taped and transcribed 
for analysis. It is the purpose of this section to give 
the reader a general sense of the similarities and 
differences of the transcripts among individuals and 
groups.
The degree of difference between individual 
transcripts was considerable. The shortest session 
lasted about 10 minutes and consisted of a simple 
listing of the items as the subject placed them into 
categories. This particular subject offered very little 
reasoning as he worked, yet continued to "think-aloud” 
the whole time. The most complex transcript was a 
session which lasted nearly one and one-half hours with 
the subject reviewing and revising his categories over 
and over again with very complete verbal expression of 
his reasons.
The degree of prompting needed to keep the subjects 
talking varied quite a bit as well. Prompting included 
simply asking the subject what they were thinking about 
to specific questions about particular decisions. 
Although differences between individuals were apparent 
there appears to be some group patterns. The scientists 
and biology majors, as a whole, needed very little 
prompting to keep talking and freely offered the
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reasoning behind their decisions. On the other hand, 
the preservice and novice teachers required a 
considerable amount of prompting. Additionally, the 
preservice and novice teachers tended to offer reasons 
for their decisions only if specifically asked to do so.
The experienced teachers exhibited a balance of these 
characteristics.
As was mentioned earlier, the scientists offered 
reasons for their decisions about the sorting with 
little or no prompting. The majors verbalized their 
reasons as well but not to the same degree. In 
contrast, as the preservice teachers worked through the 
sorting task they tended to give definitions of the 
items rather than the reasons for their decisions.
Whereas, the novice teachers essentially gave listings 
of the items as they moved them into categories. It had 
the appearance of a word association task. As before, 
the experienced teachers exhibited a balance of these 
character1st ics.
The greatest variability within a group was seen 
among the scientists. There were more different 
approaches to the task and discussion of the items in 
this group as compared to other groups.
A complete description of the analysis of the 
transcripts can. be found in Chapter III.
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